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Glossary of terms used in this thesis 
 
East Asia refers to major countries in northeast Asia, namely, China, Japan, and South Korea, 
and major ASEAN countries of Indonesia, Malaysia, the Philippines, Singapore, Thailand, 
and Vietnam. 
Environmental quality refers to ‘Properties and characteristics of the environment, either 
generalized or local, as they impinge on human beings and other organisms.’ Besides, 
‘Environmental quality’ is a general term which can refer to ‘varied characteristics such as air 
and water purity or pollution, noise, access to open space, and the visual effects of buildings, 
and the potential effects which such characteristics may have on physical and mental health 
(caused by human activities).’ 
Fragmentation refers to the use of different suppliers and component manufacturers in the 
production of a good. Fragmentation results in different companies producing component 
parts rather than the finished goods, with the components being assembled as a final product 
elsewhere. Suppliers do not have to be located in the same geographical region. 
Production fragmentation is defined as ‘splitting up of a previously integrated production 
process into two or more components, or fragments.’  
International production fragmentation is defined as ‘cross-border dispersion of 
component production/assembly within vertically integrated production processes, with each 
country specializing in a particular stage of the production sequence’ 
Intermediate good refer to an input to the production process that has itself been produced 
and, unlike capital, is used up in production. 
Neighbouring countries refers to the countries that share a border with a particular country. 
Autarky refers to a country, state, or society, which is economically independent or self-
sufficiency. 
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Abstract 
This thesis addresses a broad research question “Is there a link between international 
production fragmentation and environment?” In order to investigate this research question, 
this thesis develops a theoretical model that allows one to establish a link between 
international production fragmentation induced-international trade in intermediate goods and 
pollution. Using country level panel data from East Asia, the link between international trade 
in intermediate goods and carbon emission is empirically investigated. 
The theoretical model used in this thesis is based on the pioneering work of Copeland 
and Taylor (2003). Specifically, a general equilibrium model is used, where an industrial 
good is produced by means of a large number of varieties of an intermediate good. The 
production of the intermediate good leads to environmental pollution. Government controls 
the level of pollution through pollution permits. The equilibrium level of pollution is 
determined by the interaction of demand and supply of permits. Liberalisation of trade in 
intermediate good leads to an increase in the number of varieties that are available to 
industrial good producers. The theoretical model suggests that an increase in trade in 
intermediate goods can result in higher level of pollution in developed countries. In other 
words, opening up of international trade in intermediate goods, through increased 
fragmentation of intermediate good production, causes more environmental damage in 
developed countries compared to developing countries. 
The theoretical model is also used to examine the link between government 
environmental policy and comparative advantage. When two countries are identical in every 
respect, except for differences in their environmental policy, the country with a relatively 
strict environmental policy is found to be a net importer of varieties of the intermediate good 
that cause pollution. In other words, countries that have relatively strict environmental policy 
import pollution intensive products. 
Based on the theoretical results and the existing literature, three empirical research 
questions are developed. These questions are answered by testing a series of hypotheses using 
country level panel data over the period of 1998 to 2010. The data covers all major East 
Asian countries and their trading partners.  
The first empirical research question “Does growth in trade in intermediate goods lead 
to environmental degradation?” is answered by empirical estimation of an augmented 
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environmental Kuznets curve (EKC) model. The empirical results suggest that imports do not 
affect the level of  pollution in East Asia. However, the exports of intermediate goods 
are found to reduce pollution, which is good for the environment. The second empirical 
research question “What is the impact of pollution on international production fragmentation 
and trade in intermediate goods?” is answered by making use of an extend trade gravity 
model, where pollution has been introduced as one of the determinants of trade in 
intermediate goods. Pooled ordinary least squares (OLS) and panel fixed and random effects 
approaches are used. This analysis is based on different assumptions regarding the 
multilateral trade resistance (MTR) of the sample countries. The empirical results suggest 
that in general pollution has a positive impact on trade in intermediate goods. However, the 
strength of this relationship varies across different measures of trade in intermediate goods 
and model specifications. The last empirical research “Is the relationship between trade in 
intermediate goods and environment affected by the level of economic development?” is 
answered by the comparison study of different country groups. The empirical analysis 
suggests that the level of economic development does play an important role. 
This thesis makes a significant contribution to both theoretical and empirical literature 
that deals with the link between international trade and pollution. The theoretical results show 
that international production fragmentation induced-trade in intermediate goods can also 
affect the equilibrium level of pollution. The main empirical contribution of this thesis is that 
it explicitly focuses on the link between trade in intermediate goods and environment in East 
Asia. East Asia accounts for a very large proportion of world trade in intermediate goods. At 
the same time East Asia also includes some of the most polluted regions of the world. It is 
shown that environment-trade nexus is also affected by the level of economic development, 
which allows a better understanding of the implications of economic development. 
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Chapter 1 Introduction 
 
This thesis focuses on the relationship between international production fragmentation 
and the environment – an area of research which stayed largely unsettled in the existing 
literature. Specifically, the analysis presented here, is based on the modelling and testing of 
the relationship between trade in intermediate goods and levels of pollution in East Asia.1 
This chapter presents a brief discussion of the research background and motivations, followed 
by a discussion of a number of conceptual issues and the research questions. The chapter 
concludes with the description of the thesis structure. 
1.1 Research background: An overview of international production 
fragmentation and the environment of East Asia 
The increase in the pace of globalisation in recent decades has resulted in a world-
wide increase in the production and trade in goods and services (Antweiler and Trefler, 2002; 
Johnson and Noguera, 2012). More recently, the rapid increase in trade in intermediate goods 
is regarded as one of the most important reasons for the growth of world merchandise trade. 
Intermediate goods are the component parts that are required to manufacture end-user 
consumer goods. According to a World Trade Organization (WTO) report, the share of 
manufactured intermediate goods, in non-fuel world trade, reached 55 percent in 2011 (WTO, 
2013). Miroudot, Lanz and Ragoussis (2009) found that, from 1995 to 2007, trade in 
intermediate goods accounted for more than 50 percent of the total trade for the OECD 
countries. They also found that the average growth rate of trade in intermediate goods was 
higher than the world output growth.  
East Asia has taken a leading role in the international trade of intermediate goods (Ng 
and Yeats, 2003; Ando, 2006; Athukorala and Yamashita, 2006; Obash, 2010; Obuko, 
Kimura and Teshima, 2014). In 2008, approximately 60 percent of China’s exports consisted 
of intermediate goods; approximately 65 percent of imports and 71 percent of exports of 
Chinese Taipei consisted of intermediate goods (WTO, 2009) and in the same year, 55 
percent of Japan’s and nearly 60 percent of South Korea’s exports were in intermediate goods 
                                                 
1  In this thesis, ‘intermediate goods’, ‘intermediate inputs’ and ‘components’ are used interchangeably. 
Intermediate goods are used for further production, whereas the final goods are used for consumption. 
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(Ueki, 2011). According to the figures provided by the United Nations, ASEAN+6 (the 
Association of Southeast Asian Nations, China, Japan, South Koran, India, Australia and 
New Zealand) accounted for 39 percent of the world’s intermediate goods exports in 2008 
(Ueki, 2011).  
It has been argued that growth in world output and trade seems to have coincided with 
an increase in the pace of environmental degradation (Antweiler, Copeland and Taylor, 2001; 
Dean and Lovely, 2010). This led to a debate on whether economic globalisation leads to 
environmental degradation. It is now widely accepted that human actions, resulting in for 
example, growing greenhouse gas emissions, have played a significant role, not only in 
global climate change (Vitousek et al. 1997) but also in environmental pollution. 
Environmental degradation caused by human actions is now receiving greater attention than 
was previously, especially the cases of more frequent extreme weather, which is now 
regularly affecting human life and property (Meehl, et al., 2000). For instance, increase in the 
frequency and intensity of bushfires in Australia which devastate communities and property 
in summer months has been attributed to the changing climate (Climate Council of Australia, 
2013). This impact is especially felt in some developing economies such as the hazardous-
level air pollution in China in recent years. When coupled with increasingly rapid economic 
globalisation, there is a concomitant increase in the urgency of the need to examine the 
environmental implications of economic globalisation, especially the impact of international 
trade on environmental issues. 
The role of trade in environmental degradation has received a fair share of attention in 
the literature. In their seminal work, Grossman and Krueger (1991) empirically examined the 
impact of North American Free Trade Agreement (NAFTA) on the environment. They 
decomposed the effect of trade on the environment into scale, composition and technique 
effects. Scale effect refers to the increasing pollution caused by trade induced economic 
expansion; composition effect refers to the fact that trade liberalization leads to change in the 
composition of the economy, which may result in an increase in the level of pollution; and 
technique effect refers to the possibility that improvement in production techniques resulting 
from trade liberalization and foreign investment may change the level of pollution per unit of 
output. Building on Grossman and Krueger’s empirical study, Antweiler, Copeland and 
Taylor (2001) developed a theoretical model that deals with the interaction of scale, 
composition and technique effects associated with trade and pollution. Despite the enormous 
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increase in trade in intermediate goods, the existing research on the relationship between 
trade and environment has almost exclusively focused on trade in final goods. This bias is 
understandable – traditional theories of international trade, with their focus on trade in final 
goods, were developed at a time when there was small share of trade in intermediate goods. 
Trade in intermediate goods has not been given serious consideration as a result. 
Despite a sizable literature on the relationship between trade and the environment, the 
role of international production fragmentation and trade in intermediate goods in 
environmental degradation remains largely outside the current discourse. Dean and Lovely 
(2010) suggested that an increase in international production fragmentation-induced foreign 
direct investment (FDI) has made a positive contribution to a decline in pollution intensity of 
China’s trade. Benarroch and Weder (2006) investigated the connection between intra-
industry trade in intermediate products and pollution in the context of international increasing 
return to scale in production. In a recent study, Swart (2013) considered the heterogeneity in 
production of intermediate producers. Swart argued that the impact of trade in intermediate 
inputs depends on the country’s level of economic development. Some country-level 
empirical studies have focused on the link between trade in final goods and the environment, 
e.g., Shen (2006) and He and Wang (2012), et al.  
Unlike the existing literature on intra-industry trade and environment, this thesis 
theorises that both environmental policy and the level of pollution are endogenous. In such a 
setting, from the production perspective, pollution can affect total output, while the demand 
for a high quality environment results in a relatively strict environmental policy. The supply-
demand analysis of pollution determines equilibrium in a closed economy. As a country 
transfers from Autarky (i.e., closed economy without international trade) to free trade, the 
resulting increase in varieties of inputs that make up the production of the final goods, 
changes the general equilibrium. In addition, through empirical analysis, this thesis also 
examines the impact of trade in intermediate goods on environment in East Asia which has 
not received much attention in the existing literature.  
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1.2 Motivation for research 
This research is motivated by the increase in international production fragmentation 
and the trade in intermediate goods around the world, especially in East Asia, and its apparent 
correlation with increased environmental degradation, especially in recent years.  
International production fragmentation has become one of the most important 
strategies for local and multinational companies to expand their business and achieve their 
operational objectives - especially cost minimization. An example of a company that makes 
full use of international fragmentation is Apple Inc., one of the most famous American 
consumer electronics companies. As discussed in the Economist (2011), ‘…Apple does not 
make the iPhones itself. It neither manufactures the components nor assembles them into a 
finished product….’ Instead, Apple Inc. purchases components from a variety of 
manufacturers around the world. For instance, iPhone 4’s basebands are purchased in Taiwan 
and the US; Bluetooth and Wifi components - in Japan and Taiwan; flash memory and 
DRAM memory - from Samsung in South Korea, which is Apple’s largest competitor in 
smartphone market. Apple Inc. outsources the assembling to Foxcon which runs electronics-
assembly lines in China. Samsung, one of the largest multinational companies headquartered 
in South Korea, benefits directly from Apple’s success. As demand for the iPhone increases, 
Samsung is able to increase its production of DRAM memory. At the same time, Samsung is 
able to produce its own products, such as its own version of the smart phone, at a lower price.  
International production fragmentation is clearly evident in the case of the smart 
phone market, with cost minimization being the main driver of production fragmentation.  
Companies have two options in this regard: they may buy or make the relevant components. 
Apple Inc. purchases components from suppliers around the world based on cost 
considerations. The diminishing average cost is the result of economies of scale. Economies 
of scale arise from the presence of a large amount of fixed cost. In modern industries, 
especially in some rapidly growing sectors such as consumer electronics and software that 
exhibit features of monopolistic markets, large fixed cost leads production to concentrate in a 
few manufacturers. Economies of scale also exist at the firm level, which gives rise to 
monopolistic competition, characterised by a large number of firms each producing a single 
product. The market for the intermediate products, such as the components of consumer 
electronics, is characterised by monopolistic competition. In summary, firm-level decisions 
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on production optimization lead to production fragmentation and further lead to growth of 
trade in intermediate goods at the country-level.  
While some aspects of increased production fragmentation, such as its impact on the 
productivity of firms and the pattern of international trade, have been examined by existing 
studies, few available studies have focused on its implications for the environment. Private 
firms focus on profit maximisation. A firm’s decision to buy imported inputs or outsource 
some tasks, based on cost considerations, results in production fragmentation. An input is 
imported or production outsourced if the cost to do so is lower than the cost of local 
production. In other words, when such arbitrage exists, private firms rely on production 
fragmentation. For the private firms, the implications of production fragmentation on the 
environment are not given serious consideration, as it is not part of the ‘business case’ of the 
location of production decision. However, firms contributing to international production 
fragmentation do not consider its impact on the environment. Environmental degradation 
results from an increase in pollution, which could be caused by (i) increase in demand for 
logistics services required to facilitate the flow of production components; (ii) development 
of new products or production plants that are highly-polluting2; and (iii) growth in trade in 
varieties of production components - this study focuses on the third point, the connection 
between trade in intermediate goods and environment.  
Governments’ environmental policies are underpinned by the need to achieve 
different objectives, from meeting the needs of special interest lobby groups to a net benefit 
to its citizenry, but always focus on national level issues. These policies therefore do not take 
into account the ‘make or buy decisions’ of domestic firms that contribute to the international 
fragmentation of production, which can affect the environment. With regard to the 
formulation of environmental policy therefore, we need to understand the environment as an 
input used in production. Governments decide the supply of environmental input by setting 
environmental policies, while private firms demand the environmental input for production 
purposes. In such a setting, the pollution level is jointly determined by the government and 
private firms. This thesis connects the two aspects and investigates how international 
                                                 
2  Dean, Lovely and Wang (2009) developed a location decision model where foreign investors take 
environmental standard into account in the decision on fragmentation. Their model shown stricter environmental 
policy increases profits and this effect is stronger for pollution-intensive industry and less-abatement firms.  
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fragmentation of production impacts the environment as examines whether a country’s 
environmental policy can influence firm-level decisions on production fragmentation.   
 
1.3 Conceptual issues 
The concepts of ‘international production fragmentation’ and ‘trade in intermediate 
goods’ are closely related. Production fragmentation involves vertically integrated industries 
where production of a product is split geographically into different stages or inputs. Different 
components are produced by different firms that may be located in different areas of the 
world. In other words, a number of firms produce components of a product rather than 
produce a finished product. 3  As a result of rapid and extensive globalisation practices, 
production fragmentation has extended across international boundaries. As these different 
components are produced at different locations, often cross international boundaries, there is 
a concomitant sharp increase in international trade in intermediate goods. At the same time, 
trade liberalization in intermediate goods makes vertical international specialization feasible 
by facilitating the flow of goods cross international boundaries at a low cost. 
East Asia is a geographical area that consists of Northeast Asia and Southeast Asia. It 
is made up of China, Japan, and South Korea, and major ASEAN countries of Indonesia, 
Malaysia, the Philippines, Singapore, Thailand, and Vietnam. East Asia is an interesting 
region to study because the trade in intermediate goods in this region has rapidly expanded in 
recent years, particularly trade in vertically related markets. This study focuses on the 
economic perspectives rather than the geographic perspectives.  
Environment is a broad concept, which includes energy and resource consumption, 
forest coverage, quality of air and water, pollution, etc.; this study focuses on environmental 
pollution, which leads to environmental degradation. In other words, within the context of 
this thesis, environmental degradation refers to an increase in environmental pollution.   
 
                                                 
3  A good definition of fragmentation can be found at Investopedia (2014). 
http://www.investopedia.com/terms/f/fragmentation.asp.  
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1.4 Research objectives and research questions 
This thesis will extend the existing literature concerning trade and environment by 
focusing on international production fragmentation, which contributes to an increase in trade 
in intermediate goods. In addition to establishing a clear link between international trade in 
intermediate goods and environmental pollution using a theoretical model, it also examines 
the relationship between the growth in trade in intermediate goods and pollution in East Asia 
by means of empirical techniques. The thesis focuses on East Asia because (i) this region has 
registered a sharp increase in trade in intermediate goods and (ii) only a few studies have 
focused on the link between trade and environment in this region. The broad objectives of 
this thesis are:  
1. To develop a general equilibrium model that improves the understanding of the 
implications of trade in intermediate goods on environment; specifically, pollution. In 
this regard, the work pays special attention to the role of endogenous government 
environmental policies and their effects on market equilibrium involving 
international production fragmentation.  
2. To test the presence of a statistically significant relationship between trade and 
environment in East Asia. To develop a better understanding of the differences 
between international production fragmentation-induced trade in intermediate goods 
and total trade in terms of the implications in environmental change, especially 
pollution in East Asia. Additionally, to identify the determinants of rapid growing 
trade in intermediate goods in East Asia and investigate how an increase in 
international trade in intermediate goods affects the environment.  
3. To get a better understanding of the implications of economic development level in 
determining the relationship between international trade and change in environment. 
Additionally, to identify the specifics of the link between trade in intermediate goods 
and the environment for developed countries and developing countries. 
As noted, a number of studies have examined the link between trade and the 
environment. Nevertheless, rapid growth in trade in intermediate goods, especially within the 
emerging economies of East Asia, is caused by increased international production 
fragmentation and not only by the increase in demand for finished goods. This thesis will 
examine whether the link between trade in intermediate goods and environmental change can 
be explained by the classical trade-environment theory (Grossman and Kruger, 1991; 
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Antweiler, Copeland and Taylor, 2001). The classical theory was developed mainly to 
consider the pattern of trade involving final products. As I focus on trade in intermediate 
goods, I need to pay special attention to the international production fragmentation induced 
trade as well and its connection with the environment.  
In order to achieve the first research objective, the environment-trade model is 
extended to include production fragmentation. Following Copeland and Taylor’s (2003) 
seminal research on trade in final goods and environment, trade in intermediate goods is 
introduced into a general equilibrium trade model. General equilibrium analysis, where 
environmental policies are endogenous, is used to consider the demand for environmental 
quality, which is related to the level of economic development. 
The first research objective is associated with theoretical issues, while the second and 
third research objectives are inherently empirical problems. In order to achieve the second 
and third research objectives, empirical studies are conducted using data collected from East 
Asia. Specifically, based on the theoretical framework developed in the theoretical modelling 
and comprehensive literature review, empirical research questions are put forward.  Research 
objective 2 and 3 will be achieved by answering the empirical questions as follows: 
 
Research question 1: Does growth in trade in intermediate goods lead to 
environmental degradation? 
 
Research question 2: What is the impact of pollution on international production 
fragmentation induced trade in intermediate goods? 
 
Research question 3: Is the relationship between trade in intermediate goods and the 
environment affected by the level of economic development? 
  
1.5 Structure of the thesis 
The remainder of this thesis is structured as follows. Chapter 2 is a review of the 
related literature, both theoretical and empirical, used to justify my research questions. As 
this study focuses on international production fragmentation, trade in intermediates goods and 
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environment in East Asia, this chapter starts with some definitions. Using the existing 
literature, measures of trade in intermediate goods and its determinants, as well as the 
measures of environmental quality and pollution are discussed. This chapter pays a special 
attention to the relationship between trade and environment. As the thesis involves empirical 
analysis of the link between trade and environment and its link with the level of economic 
development of East Asia, studies involving East Asia are also reviewed. 
In Chapter 3, a theoretical model is developed that allows the investigation of the link 
between trade and environment in the context of production fragmentation. In order to 
examine the link between trade in intermediate goods and pollution in the context of 
international production fragmentation, the environment-economic model is extended to 
include production fragmentation. Trade in intermediate goods in an environment-trade 
model is then introduced. It is here argued that while international trade in intermediate goods 
has economic implications, it also affects the environment. General equilibrium analysis, 
where environmental policies are endogenous, is used to consider the demand for 
environmental quality, which is related to the level of economic development.  
Based on the literature reviewed in chapter 2 and theoretical framework developed in 
chapter 3, research questions are converted into testable hypotheses in chapter 4.  
Chapter 5 provides description of data and methodologies used in this thesis.  
Following a discussion of the intermediate goods trade classification, the econometrics 
methodologies used to test the hypotheses are discussed. 
In Chapter 6 and 7, data from East Asia are used to test the conceptual models guiding 
this thesis. The empirical results are presented and discussed. Chapter 6 focuses on the 
impacts of trade in intermediate goods on pollution. This relationship is empirically evaluated 
using an augmented environmental Kuznets curve (EKC) framework. In chapter 7 an 
extended gravity model is used to empirically analyse the impact of environmental input, in 
the form of pollution emissions, on different measures of trade. 
Chapter 8 contains discussion and the conclusions of the thesis. This chapter also 
outlines the contributions of this thesis to theory and practice of the relationship between 
international production fragmentation and environmental change. Additionally, limitations 
and directions for future research are suggested. 
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Chapter 2 Literature Review 
 
2.1. Chapter introduction 
This chapter presents a review of the relevant literature. As this study focuses on trade 
in intermediate goods and environmental issues in East Asia, the first section provides some 
definitions. Section 2.2 introduces the measures of trade in intermediate goods and their 
determinants. Section 2.3 shifts the focus of discussion to the measure of environmental 
quality and pollution. Section 2.4 pays special attention to the relationship between trade and 
the environment, in which both theoretical modelling and empirical studies are discussed. 
Studies focused on the trade-environment issues of East Asia are reviewed in section 2.5 and 
Section 2.6 concludes.   
 
2.2. Trade in intermediate goods and international fragmentation 
A body of recent research has investigated the growing trade in intermediate goods 
and the related issues, including international production fragmentation. This section will 
review the existing research on trade in intermediate goods. 
2.2.1 Definitions, scope, and research framework 
From both theoretical and empirical perspectives, definition and measure of 
intermediate goods are important issues. This section starts by focusing on these issues. 
Deardorff (2006) defined intermediate good as ‘… An input to the production process that 
has itself been produced and unlike capital, is used up in production…’ Miroudot, Lanz and 
Ragoussis (2009), based on Dearforff’s definition, explained that intermediate goods are used 
and ended up in the production procedure. Although intermediate goods have themselves 
been produced, these definitions provide a distinction between intermediate goods and 
primary factors such as labour and land. Intermediate goods, like other primary factors, are 
incorporated into other final products. With the production expands across national boundary, 
trade in intermediate goods occurs in order to fulfil the demand from producers – production 
driven demand, rather than demand from consumers – consumption driven demand.  
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It is thus necessary to understand the concept of international production 
fragmentation. International production fragmentation is closely related to trade in 
intermediate goods. In Jones and Kierzkowski’s study (Jones and Kierzkowski, 2001), 
production fragmentation was defined as the ‘splitting up of a previously integrated 
production process into two or more component stages, or fragments.’ Athukorala and 
Yamashita (2006) defined international fragmentation production as ‘cross-border dispersion 
of component production/assembly within vertically integrated production processes, with 
each country specializing in a particular stage of the production sequence’. 
These definitions make it clear that trade in intermediate goods and international 
production fragmentation are closely related concepts. An expansion in international 
production fragmentation leads to a higher derived demand for imported components. At the 
same time, growing trade in intermediate goods affiliates international production 
specialization. 
Outsourcing is one of the most important and identifiable patterns of international 
fragmentation; trade in intermediate goods is linked to the phenomena of growing 
international outsourcing. For instance, Feenstra and Hanson (1996, 1997, 2003) conducted a 
series of studies on the topic of international outsourcing, in which ‘all imported intermediate 
or final goods that are used in the production of, or sold under the brand name of an 
American firm’ described the magnitude of outsourcing. Chen, Ishikawa and Yu (2004) 
developed a strategic outsourcing model and found the impacts of trade liberalization in 
intermediate goods are different from the impacts of trade liberalization in final goods. 
Kierzkowski and Chen (2010) explained the trade imbalance between the USA and China by 
focusing on the role of outsourcing. 
Traditional trade theory tends to view trade issues from a countries’ perspective. In 
both the models based on Heckscher-Ohlin theory that underlines factors such as endowment 
difference and Ricardian different technology model, countries are always the analysis object. 
The latest theoretic development has focused more on the issues at industry and firm level, 
such as why the firm’s outsourcing extends from local limits to global scope. To achieve a 
full understanding, this literature review will involve traditional country-level analysis along 
with new firm-level approach.  
Early theoretical work in the area of international trade made little or no distinction 
between intermediate and final goods. In Melvin’s (1968) two-factors and three-goods model, 
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goods can enter as an input in the production of other goods. In other words, all three goods 
are not necessarily final goods. The intermediate goods have two potential uses in Melvin’s 
model: they could be consumed or they can be used as an input. However, globalization of 
production in subsequent decades had resulted in a sharp increase in trade involving pure 
intermediate goods. Batra and Casas (1973) extended the Hecksher-Ohlin model to include 
an intermediate good. This allowed them to examine the pattern of trade in the presence of an 
intermediate good. Deardorff (2001) presented fragmentation in the context of Heckscher-
Ohlin trade model. This study showed that, only when the benefits from production 
fragmentation (in countries with different factors) are large enough to offset the cost caused 
by the fragmentation, technology firms have sufficient motivation to take the new technology. 
In a world with many goods, the change in relative factor prices has not simply been 
equalized but rather depends on the factor proportions of fragmentation compared to the 
average factor intensities within the production cones. By making use a particular utility and 
production function (exactly Cobb-Douglas function), Deardorff examined how relative 
factor prices are pushed further explicitly by fragmentation. 
Fuelled by the development of statistical technique as well as the increasing 
accessibility of data, empirical research on trade in intermediate goods has gained momentum 
in recent years. Among the studies focusing on the measures of trade in intermediate goods, 
trade flow analysis and international I-O (input-output) table analysis are the most commonly 
used tools. I-O analysis is widely adopted in the studies concerning OECD (Organizations for 
Economic Co-operation and Development) countries given that the OECD I-O Database can 
be accessed via OECD official website. For example, Nordås (2010) used I-O tables to testify 
the interrelation between goods and services in production and trade of OECD economies. 
Miroudot, Lanz and Ragoussis (2009), by combining trade data and I-O table analysis, 
assessed trade flows in intermediate goods and services among the OECD countries over the 
period of 1995 to 2005. They found that for the OECD countries during the research period, 
intermediate inputs accounted for 56% and 73% of the total trade in goods and services, 
respectively. Görg (2000) put forward the empirical analysis framework of fragmentation and 
trade. In Görg’s research, inward processing trade (IPT) from US to the EU countries is 
explored. The author argued IPT, which measures the exports from the EU to the US that are 
made of components from US and processed in the EU, is a proper proxy for international 
fragmentation; besides the trends and patterns of IPT between the US and major EU members, 
the determinants of IPT were tested. The author found that foreign direct investment (FDI), 
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labour cost and comparative advantage in specific sectors are all positive and contributed to 
IPT, while the effects are varying among countries.  
Recently, Bems, Johnson and Yi (2011) empirically examined the vertical link 
between economies and trade, especially during the global financial crisis (GFC) in about 
2008. They found although trade in final products decreased more than trade in intermediate 
products, the large share of intermediate goods in world trade is still recognized as the main 
reason for falling global trade during the GFC. Furthermore, they found the vertical 
specialization trade (i.e., imported intermediate products are embodied in export products) 
decreased more than value added trade, which is defined as the ‘amount of value added 
produced in a given source country that is ultimately embodied in final goods absorbed 
abroad’ (Johnson and Noguera, 2012).  
2.2.2 Determinants of trade in intermediate goods and its implication 
   Studies have attempted to identify the factors that have contributed to the increasing 
trade in intermediate goods. One of the explanations for the growing trade in intermediate 
goods is international production fragmentation. Kleinert (2003) tested three hypotheses for 
vertically-related trade to explain the causes underpinning the growing trade in intermediate 
goods. These hypotheses are: global sourcing, outward FDI (outsourcing) and multinational 
enterprise (MNE) network. By making use of OECD I-O tables as well as the German time-
series data, Kleinert found evidence to support the view that international production (global 
sourcing) best explains the increase in intermediate inputs imported by developed countries. 
The hypotheses of MNE network and outsourcing are also supported by the data. Grossman 
and Helpman (2003) shown that size of the cost differential, extent of contractual 
incompleteness, size of the industry and the relative wage rate, jointly determine the 
organization of production. While taking into account the above-mentioned factors, it is the 
producer of the final-goods that makes the decision about intermediate goods – international 
outsourcing or FDI.  Using an industry and firm level perspective, Harris (2001), explored the 
trade in intermediate goods from the framework of the trade-off between 
communication/coordination cost and consumption-externality in fragmentation. Harris 
showed that communication cost plays a crucial role in a firm’s decision as to whether they 
should take a local or global supplement.  
Looking at evidence from developing countries, Amiti and Konings (2007) utilized 
the Indonesian manufacturing census data from 1991 to 2001. The main aim of this study was 
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to estimate productivity gains from reducing tariffs on final goods as well as the intermediate 
inputs. The empirical analysis suggested that a 10 percent decrease in the input tariff leads to 
a 12 percent increase in the productivity of firms. The effect of a decrease in the input tariff is 
at least twice as large as the effect of a decrease in tariff on final goods.  
In addition to the factors which determine trade in intermediate goods, another 
important issue is the implications of trade in intermediate goods. Jone and Kierzkowski 
(2001) provided a brief introduction to production fragmentation and related issues, the 
reasons for it and its major effects. Their research suggested that prosperous international 
fragmentation could be attributed to service and its economies of scale. The authors also 
shown that with the production decomposed into fragments from different countries, the 
international market price of fragments and final goods may change while factors prices 
probably vary as well. But the welfare effect depends on the price changing and factor 
endowment. Feenstra and Hanson (1996, 2003) showed that trade in intermediate goods can 
affect the wage gap between groups of workers (such as skilled and unskilled workers). They 
argued that technological improvement is not the only factor in improving wages in 
developed countries - trade in intermediate inputs has also played an important part. Goldberg 
et al. (2010), by making use of the trade and firm-level data of India, argued that the more 
input varieties caused by trade liberalization provides an explanation about the new products 
introduced by domestic firms. 
A number of studies have attributed the impacts of the growing trade in intermediate 
goods to other issues as well. For example, Arndt (2001), from the point of view of trade 
policy, explored the effects of fragmentation under alternative trade policy regimes. 
International component specialization appears promotes an enhancement of welfare in a free 
trade scenario. However, once a tariff is introduced into the model, the welfare-enhancing 
effect becomes ambiguous. Under the most favoured nation (MFN) trade agreement, 
fragmentation may improve welfare; whereas under a preferential trade policy (PTP), 
component specialization has been proved to enhance welfare. In Goldberg and Campa’s 
(2010) study, imported inputs led to a change in cost which is found as an important channel 
between consumer price index (CPI) and exchange rate. 
There have been many studies into trade in intermediate goods that focus on East Asia. 
As to the issues related to East Asia, more detailed discussion is provided in section 2.5. 
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2.3 Measures of environmental quality and pollution emission 
As indicated earlier, an increase in the world output appears to have coincided with 
the increase in environmental degradation. Environmental problems cover a wide range of 
issues, including climate change, energy consumption, emission of harmful gasses and 
pollution. Antle and Heidebrink (1995) suggested that environmental quality is a 
multidimensional concept which has a direct bearing on human standards of living as well on 
ecological condition. In their research about environment and development, the total area of 
parks and protected areas, average annual deforestation rate, total area of country, and total 
forest area, etc., are used as alternative indicators of environmental quality. The European 
Environmental Agency defined environmental quality as ‘Properties and characteristics of the 
environment, either generalized or local, as they impinge on human beings and other 
organisms’ and further explained that ‘Environmental quality is a general term which can 
refer to: varied characteristics such as air and water purity or pollution, noise, access to open 
space, and the visual effects of buildings, and the potential effects which such characteristics 
may have on physical and mental health (caused by human activities).’4  
Though people define environmental qualities in a range of ways, there are some 
points in common: (i) environmental quality is related to human’s welfare; (ii) human’s 
behaviour has influenced environmental quality; and (iii) environmental quality can be 
measured by different indicators - such as energy use, forest rates, pollution emission, and so 
on. This study focuses on the change in environmental quality related to production and trade, 
hence this study focuses mainly on pollution emission as a proxy of environmental quality.  
In the empirical studies on trade and environment, alternative pollutants have been 
used to test different theories and hypotheses. Using Sulphur dioxide ( 2SO ) concentration 
data collected by Global Environment Monitoring System (GEMS), Antweiler, Copeland and 
Taylor (2001) found that the impact of trade on pollution concentration is small given that 
trade alters the composition of national output. Carbon dioxide ( 2CO ) which is a major 
pollutant causing global climate change has also been used as a measure of pollution in the 
existing literature. Esteve and Tamarit (2012) tested the EKC hypothesis by making use of 
the per capita 2CO  and per capita income of Spain from 1857 to 2007. Studies that have 
considered similar issues include Halicioglu (2009), Shahbaz, Lean and Shabbir (2012). 
                                                 
4 http://glossary.eea.europa.eu/EEAGlossary/E/environmental_quality 
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Shen’s paper (Shen, 2006) is one of the studies that employs multi-pollutants to 
measure the level of pollution. The empirical work of Shen involves two air pollutants ( 2SO  
and dust fall) and three water pollutants (chemical oxygen demand, i.e., COD, arsenic in 
water, and Cadmium in water). Shen’s study utilized data from 31 provinces of China. The 
empirical results presented in this study suggested that an increase in the level of economic 
activity does not have a uniform impact on all pollutants. Accordingly, depending on the 
pollutant considered, results concerning the link between economic activity and environment 
can differ greatly. However, by making use of a semi-parametric approach and three 
pollutants data from the US, Roy and Kooten (2004) found there is no evidence supporting 
quadratic specification and invert-U relationship between pollution and income. They thus 
rejected the EKC hypothesis in their study. 
Dean and Lovely (2010) tried to distinguish between emission and ambient quality. 
Emission refers to the flow of pollutants into the environment over a period of time, whereas 
ambient quality depends on the stock of pollutant at a point in time. While acknowledging 
that the media and public pay closer attention to the results of the stock of pollution (i.e., the 
accumulated pollution), Dean and Lovely focused on the flow of pollution. The ambient 
quality is easier for the public to observe and feel and hence the stock of pollution is their 
major concern. However, in order to reduce the impact of human action on environment, they 
found that people need to take actions that reduce the flow of pollution. 
Another approach used in the literature on environmental quality is the estimation of 
the composite environmental index (CEI). This index can be used to compare the quality of 
environment in different countries. Based on nine environmental indicators from the UK, 
Hope, Parker and Peake (1992) constructed a pilot environmental index. Khanna (2000) 
further improved this index and applied this approach to the US data. Esty et al. (2005) 
estimated the CEI for 146 countries. However, the idea of this index and how to go about 
estimating it is not universally accepted. For example, Zhou, Ang, and Poh (2006) proposed 
an objective approach to compare the alternative estimations of the CEI. 
Compared with some direct indicators of environmental quality, the CEI provides 
relatively more specific information on the environmental status of a country. However, the 
direct measures of environmental quality, such as the data of pollution, allow one to examine 
the link between environmental quality and other factors. In other words, if the aim of the 
research is to identify the determinants of environmental quality, then the direct measures are 
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very useful. However, if one wishes to simply measure the general quality of the environment, 
then the CEI can be used. 
 
2.4 Trade, development and environment 
2.4.1 Trade and environment 
Another topic hotly debated in the literature is the effects of economic action, 
specifically trade, on environment. A number of theoretical and empirical studies have 
examined the implication of international trade on the environment. The ‘pollution haven’ 
hypothesis suggests that trade leads to the transfer of dirty production from high to low-
incoming countries (Taylor, 2005; Wagner and Timmins, 2009; Al-Mulali and Tang, 2013). 
Because of their low levels of income, the priority of many developing countries is economic 
growth and hence they are relatively less concerned about the environment, leading to less 
stringent environmental regulation. Heckscher-Ohlin, based factor endowment theory, 
suggested quite conversely that dirty production, which normally occurs in capital-intensive 
industries, would be relocated to capital-abundant regions. Thus, as for the impacts on the 
environment as a result of trade, developed countries have gained far less environmental 
benefit than popular wisdom might suggest (Jaffe et al., 1995; Cole, 2003). Cole and Elliott 
(2005), by making use of FDI data from the US to two developing countries, found the role 
of capital can explain why the issue of ‘pollution haven’ is not as significant as theory 
suggested. Frankel and Rose (2005), using exogenous geographic determinants as 
instrumental variables of endogenous variable trade, found trade tended to reduce air 
pollution. Dogan and Seker (2016), focusing on OECD countries, found that real income, 
energy consumption, financial development and trade openness are related to carbon 
emission for the countries included in their study. 
The gap between the ‘pollution haven’ hypothesis and the factor endowment 
hypothesis is the main consideration in dirty-industry location. If the environment is thought 
of as another production factor, then a decision on the dirty-industry location must be made 
about which factor of production is relatively more critical: environment or physical capital?  
Recently, production technique has been found to be a critical factor linking world 
economic integration and changes in the environment. Eskeland and Harrison (2003) argued 
that though ‘dirty sectors’ are transferred to developing countries, foreign investors from 
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developed countries tend to adopt ‘cleaner techniques’ which may lead to more positive 
environmental influences. In a similar study, Dean and Lovely (2010) considered the 
influences of international trade on the environment through improvement in production 
techniques; their study takes into account foreign investors who bring advanced production 
techniques into developing countries.  
Another strand of the exiting literature focuses on the impacts of regional trade 
agreements on the environment. For example, Grossman and Krueger (1991) empirically 
examined the impact of North American Free Trade Agreement (NAFTA) on the 
environment. They decomposed the effects of trade on environment into scale effect, 
composition effect and technique effect. Antweiler, Copeland and Taylor (2001) also 
developed a theoretical model that deals with the interaction of scale, composition and 
technique effects. They used data of 2SO from the Global Environment Monitoring System to 
examine their theoretical results.  
While many studies have investigated the effects of trade on the environment, 
empirical studies, like the theoretical ones, have not reached a consensus. The empirical 
results depend in part on the datasets that are used and the alternative methodologies 
deployed; this explains why researches have arrived at different and even contradictory 
conclusions concerning the link between trade and environment.  
2.4.2 The role of intermediate goods and production fragmentation 
While it is widely believed that vertically related trade is becoming more important in 
the world economy than previously was the case, few studies have paid attention to its effects 
on the environment. Benarroch and Weder (2006) investigated the effects on pollution of 
intra-industry trade in intermediate products in the context of increasing return, and found 
that trade in intermediate goods decreases at least one country’s aggregate pollution. Swart in 
his study (Swart, 2013) took into account the heterogeneity of firms’ pollution. By assuming 
the producers of final products decide the type (clean/dirty) of intermediate goods to employ 
and pay for the pollution, Swart found that all countries are better off in a free trade scenario, 
while development level and transportation cost jointly influence the effects of trade in 
intermediate products. 
Empirical research on trade in intermediate goods and the environment is based on 
two approaches: the econometric approach and the I-O approach. Dean and Lovely (2010) 
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focused on the role of international fragmentation on China’s environment quality. Dean and 
Lovely suggested that China’s case does not fit well with the traditional model, given that 
China’s trade growth is highly dependent upon international fragmentation. While exploring 
the peculiarity of vertically related trade, Dean and Lovely expanded the trade-environment 
model proposed by Copeland and Taylor (2004), to include FDI. Specifically, production 
fragmentation was taken into account. Dean and Lovely found that increases in FDI 
contribute to a decline in the pollution intensity of China’s trade. Within the context of 
economic growth and environment, Dean and Lovely’s work highlighted the peculiarity of 
trade in intermediate goods, however, the issue of the impacts of international fragmentation 
on endogenous environmental policy has not been fully examined. 
In a more recent study, Dietzenbacher, Pei and Yang (2012) considered the same 
issues from another perspective. They used a tripartite I-O table approach to estimate China’s 
2CO emission and the value-add generated by processing exports, normal exports and others. 
The tripartite I-O table approach distinguishes among the three types of production (i.e., 
processing trade, normal trade, and domestic final demand) which enables the estimation of 
the impact of trade on the environment relatively more precisely. Dietzenbacher, Pei and 
Yang argued that at the aggregate level the role of exports in generating 2CO  emission is 
actually less important as long as processing trade is taken into account. They further argued 
that processing trade produces less emission compared to normal trade. This conclusion is 
consistent with Dean and Lovely’s findings (Dean and Lovely, 2010). 
While the existing studies have explored the relationship between vertically related 
trade and environment, few studies have considered the problem from the point of view of a 
group of countries. In a more general and practical context, environmental policy should be 
endogenous – trade development as well as the consequent economic development have 
impacts on environmental policy. Though the existing literature suggests that fragmentation-
led trade makes China’s trade cleaner, it is however important to ask whether this has also 
resulted in environmental degradation in the production networks of China’s trading partners. 
Generally speaking, the conclusions of the empirical studies that deal with the impact 
of trade on the environment vary not only across regions but also across the timeframe of the 
studies. Nevertheless, country study of China supports the view that in overall terms, the 
impact of international trade on the environment is positive, because international trade shifts 
resources from the production of ‘dirty goods’ into the production of ‘cleaner goods’. 
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However, one question remains unanswered – with the shift in trade from final goods to 
intermediate goods, will the conventional trade-environment theory change? And as to a 
rapid growing region, such as East Asia, will the link between the trade in intermediate goods 
and environmental impact vary among countries? The next section focuses on the specific 
region of study – East Asia. 
 
2.5 Trade and environment in East Asia 
2.5.1 Trade in intermediate goods in East Asia 
East Asia is an interesting region for a case study because trade in intermediate goods 
in this region has rapidly expanded in recent years, particularly trade in vertically related 
markets. Another point worth noting is that the area of East Asia consists of both developed 
countries, such as Japan and Singapore as well as developing countries, such as China and 
Vietnam. Hence, the case study of East Asia allows investigation of the implications arising 
from economic development in relation to the trade-environment nexus. In this section, I first 
provide a definition of East Asia, after which I provide a review of studies that deal with 
trade in intermediate goods in East Asia.  
Fujita (2007) defined East Asia as the area extending from Japan to Indonesia along 
the East China and South China Seas. This definition uses the perspective of economic 
geography – exploring the geographical determinant of the economy. In contrast, Ueki (2011) 
expanded the research about East Asia to include India, Australia and New Zealand. Most of 
the existing studies on East Asia consists of ASEAN ten countries (the Association of 
Southeast Asian Nations, including Indonesia, Malaysia, the Philippines, Singapore, 
Thailand, Brunei, Burma, Cambodia, and Vietnam); Northeast Asia countries (China, Japan, 
and Korea) and regions including Hong Kong, Macau, as well as Taiwan, etc. 
A number of studies have considered the development of trade in East Asia. Ng and 
Yeats (2003) showed that since the 1980s, the growth rate of regional intra-industry trade 
(IIT) in East Asia has been roughly twice that of world trade. It is also higher compared to 
that of NAFTA and EU (European Union). Ando (2006) focused on vertically intra-industry 
trade in East Asia in order to explore the role of production fragmentation in trade. 
Athukorala and Yamashita (2006) examined the pattern of inter-regional and extra-regional 
trade in East Asia and its implications for international production fragmentation. They 
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argued that an increase in ‘fragmentation trade’ in East Asia should be attributed to extra-
regional trade in final goods.  
Ueki (2011) conducted a detailed study of the trade in intermediate goods in East Asia. 
He highlighted the case of growth in textile and motorcycle industry trade which relies 
heavily on intermediate goods. Hayakawa (2007) examined the determinants of growth in 
trade in intermediate goods as well as the existence of home bias for intermediate goods in 
East Asia. Hayakawa found evidence to support the importance of the reduction in border 
barriers and also highlighted the growth in the production and trade of machinery parts in 
East Asia; he also showed that there was a decrease in home bias for intermediate goods. 
Recent research on trade policy in East Asia focuses on the trend towards greater 
economic integration. For example, Drysdale and Armstrong (2010) argued that a deeper 
financial and trade cooperation in East Asia is imperative. Chia (2010) moved a step further 
by proposing the regional trade architecture from ASEAN+3 to FTA of the Asia Pacific. 
Related studies include Aminian, Fung and Ng (2008). In the above research, vertically-
related trade and production fragmentation have been considered as an important aspect in 
trade policy research. 
2.5.2 Environment and pollution in East Asia 
Though the economic development and growing trade in East Asia have received fair 
attention in academia, research on environmental change in East Asia is relatively scarce in 
the literature. Most of the existing research regarding the environment in East Asia is country 
specific, such as the studies on China’s environmental problems noted above. Similar one-
country studies include Popp (2006); Zushi, et al., (2011), among others. 
Despite the rapid growth in East Asia, there are few studies related to this region. The 
situation is quite different for North America and Europe regions about which many studies 
have been conducted. Foell et al. (1995) adopted a critical loads approach to address different 
emission management strategies under a multi-institutional research project on ‘Acid Rain 
and Emissions Reduction in Asia’. Lelieveld et al. (2001) examined the air pollution from 
South and Southeast Asia moving towards the Indian Ocean and found agricultural burning 
and fossil fuel combustion enhance different pollutions. Yienger et al. (2000) used 
Geophysical Fluid Dynamics Laboratory (GFDL) global chemistry transport model 
(GCTM) to test the effects of trans-pacific pollution, i.e., Asia’s pollution over North 
America. Angel and Rock (2003) investigated the pollution in new industrializing economies 
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in the context of East Asia. Lean and Smyth (2010) estimated the long-run relationship 
between 2CO emission, electronic consumption and economic growth of five ASEAN 
countries.  Tan, Sun and Lau (2013) empirically estimated the carbon embodied in China-
Australia trade. 
A review of the existing literature on environment and pollution of East Asia reveals 
studies have been limited to individual economies or simply to changes in pollution, thus 
neglecting the link between rapid economic growth and environmental impacts. Few studies 
have investigated the link between trade in intermediate goods and consequent change in the 
environment from the regional perspective. This study addresses this knowledge gap by 
empirically testing the relationships between trade, economic development and environment 
on a regional level.  
 
2.6 Chapter summary 
This chapter presents a review of the relevant literature. Existing perspectives on this 
topic – trade in intermediate goods, environmental quality and pollution, and the relationship 
between trade and environment – were presented. The review indicates that though there are 
many studies related to trade and the environment, the link between trade in intermediate 
goods (as well as international fragmentation) with environmental issues, has not been fully 
discussed. The gap is significant in terms of research on East Asia, given that vertically-
related trade has become important in this region and the environmental degradation of new 
emerging economies has received more attention. In the next chapter, a theoretical framework 
is presented. Based on this literature review and the theoretical framework presented in 
Chapter 3, hypotheses and research questions are proposed in Chapter 4. 
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Chapter 3 Trade in Intermediate Goods and Environment – 
Theoretical Framework 
 
3.1 Chapter introduction  
Despite rapid growth in the international trade in intermediate goods, few studies have 
explored the link between this trade and environmental degradation. Using a theoretical 
model involving production fragmentation, this chapter investigates the link between 
international trade in intermediate goods and the environment.  This analysis presents an 
extension of Copeland and Taylor’s (2003) seminal work. In Copeland and Taylor’s work, 
the economy produces two final goods. The capital-intensive one generates pollution in its 
production while the labour-intensive one does not. Both products are used for final 
consumption and can be traded between countries. Though Copeland and Taylor’s framework 
is based on final products and is very powerful in exploring most of the environment-trade 
issues, the neglect of international production fragmentation and trade in intermediate goods 
leaves some important questions not fully settled. For example, in Copeland and Taylor’s 
model, a country could be a net exporter or importer of the high-polluted product; however in 
the context of trade in varieties of intermediate goods, a country could be both exporter and 
importer of the components of a final product, and the interrelation between trade and 
environment becomes complex in such situation. As to policy implications, besides 
alternative trade policies according to different types of trade, a more important concern 
comes from the endogenous environmental policy. For example, a benevolent government set 
the environmental policy to maximize a typical consumer’s utility that is determined by final 
consumption and environmental quality. The introduction of pollution in the production of 
intermediate goods makes the story different. On one hand, consumer’s utility is still related 
to final consumption and environmental quality; on the other hand, environmental policy has 
impact on intermediate goods and further influence the final product that employ the 
intermediate goods during the process of its production. In order to address the points 
mentioned above and other trade-environment issues concerning international fragmentation, 
it is worthwhile to extend Cope and Taylor’s benchmark model to the context of international 
fragmentation and trade in intermediate goods which is discussed in this chapter.  
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This thesis argues that international trade in intermediate goods not only has 
economic implications but also affects the environment. The theoretical model developed in 
this thesis is based on the idea that environmental quality, which is measured by the level of 
pollution, is determined by the interaction of supply and demand for pollution. This means 
that in a general equilibrium setting, governments allocate tradeable pollution permits to 
firms, which determine the supply of pollution in the economy. As the firms have to pay for 
the pollution they create and because abatement can reduce the firms’ output, pollution 
should be viewed as an additional factor of production. It is therefore possible to determine 
the intermediate goods sector’s demand for pollution. Environmental policy can be linked to 
a country’s level of economic development. This chapter will consider the case of both 
exogenous and endogenous government environmental policies; of course, environmental 
quality has a direct bearing on environmental policy. 
As indicated earlier in chapter 2, only a few existing studies have considered the 
impact of trade in intermediate goods on the environment. Benarroch and Weder (2006) 
investigated the effect on pollution of intra-industry trade in intermediate goods, in the 
context of increasing returns. Within Benarroch and Weder’s model, pollution only occurs in 
the production of the final products. The optimistic and pessimistic scenarios presented in 
their work represent the input-related and output-related pollution, respectively. They found 
that trade in intermediate goods decreases at least one country’s aggregate pollution. Dean 
and Lovely (2010) considered the impact of production fragmentation and foreign direct 
investment on pollution in China. Their empirical work suggests that FDI and production 
fragmentation have made positive contributions to the decline in the pollution intensity of 
China’s trade. In a recent study, Swart (2013) took the implications of firms’ heterogeneity 
into account. Swart used a model in which final goods producers select the type of 
intermediate goods (clean or dirty) they use, and then pay for the pollution that they cause. 
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Swart found that all countries can be better off under free trade. Furthermore, Start argued 
that a country’s level of economic development along with transportation costs, jointly 
influence the impact on pollution of trade in intermediate goods. In a recent study, Yoon 
(2016) developed an open economies model between developed and developing countries, 
revealing that developing countries will specialize in producing pollution-intensive products 
as long as the technology gap of producing environmentally friendly products between 
developed and developing countries is sufficiently great. 
This chapter focuses on the firms’ production decisions where pollution is understood 
as a by-product in the production of intermediate goods. Unlike the existing literature on 
intra-industry trade and environment, this study is based on the practical situation in which 
environmental policy is endogenous. Another contribution of this study is its interest in the 
abatement activity conducted by a producer; this activity is determined by environmental 
policy. In such a framework, pollution from the production perspective, may affect total 
output, while the demand for a high quality environment results in a relatively strict 
environmental policy. The supply-demand analysis regarding pollution determines 
equilibrium. With trade liberalisation in intermediate goods, the resulting increase in varieties 
of inputs that make up the production of the final goods changes the equilibrium results.  
 This chapter is organized as follows. Section 3.2 presents the basic model setting. 
This section also includes some preliminary analysis about the implications of environmental 
policy in the production processes of firms. Section 3.3 investigates the endogenous 
environmental policy in the context of production fragmentation. The effects of trade in 
intermediate goods are discussed in section 3.4. The difference in environmental policy 
between countries is briefly discussed in Section 3.5. Section 3.6 concludes the chapter. 
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3.2 Model setting and preliminary analysis 
This section discusses the model setting and provides some preliminary analysis of 
the theoretical model of this thesis which extends a traditional trace-environment model to 
include international production fragmentation-induced trade in intermediate goods. 
3.2.1 Basic assumptions in general equilibrium setting 
In order to examine the link between international trade in intermediate goods and the 
environment, international production fragmentation is introduced in Copeland and Taylor’s 
basic model concerning trade-environment nexus (Copeland and Taylor, 2003). A number of 
existing studies (for example Hummel, Ishii and Yi, 2001; Dean, Fung and Wang, 2008; 
Dean and Lovely, 2010) have highlighted the growth in production fragmentation. The 
introduction of international production fragmentation allows the establishment of a clear link 
between trade in intermediate goods and the environment, where environmental quality is 
determined by pollution that arises from private sector production. 
Consider a small country which moves from a closed economy to an open one and 
produces two final goods X andY . The production of X involves the use of labour  L and a 
large number of varieties/components of an intermediate product  M . Each variety of the 
intermediate product  im is produced by capital  K , where 1,2,...,i n .The production of 
each variety involves fixed as well as variable costs, hence varieties of the intermediate goods 
are produced under conditions of monopolistic competition. The final good Y is produced by 
means of capital  K  and labour  L . Because of the presence of constant returns to scale, 
both X and Y are produced under conditions of perfect competition.5 The final good Y is 
numéraire. As capital is the only factor that is used in the production of intermediate goods 
                                                 
5  As indicated earlier, monopolistic competition in the intermediate goods sector arises from the presence of 
significant fixed cost at the firm level. On the other hand, we assume that production of the final goods does not 
involve significant fixed cost and hence the final goods production technologies exhibit constant returns to scale, 
which is consistent with a perfectly competitive market structure. 
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varieties, sector M is relatively capital intensive.6 Furthermore, only the production of the 
intermediate goods varieties leads to pollution. This could be attributed to the fact that the 
final good X involves merely an assembling activity, where labour is used to assemble a 
large number of intermediate goods varieties/components  im . This assumption is consistent 
with the existing literature on environmental economics, where the capital intensive sector is 
assumed to cause pollution. Pollution affects the environment and hence in the rest of this 
study an increase in pollution is understood to lead to environmental degradation. 
In order to capture the impact of fragmentation in production, X is assumed to be 
produced by assembling varieties of an intermediate product. The intermediate goods 
varieties/components are assembled by labour. The production function for X is as follows: 
                                  
1/
,
1
,  
n
X X i
i
X X L M X L m



 
 

 
  
 

 

                                                  (3.1) 
The unit cost function corresponding to the above production function can be written 
as 
                                      LX LM M Xa w a P p                                                            (3.2) 
where ija   is the amount of input i  required to produce one unit of output j ; w  is the wage 
and MP  is the price index of the intermediate goods sector, which produces a large number of 
varieties.  
  Aligned with the existing literature on monopolistic competition (for example, see 
Ethier, 1982; Markusen, 1989; Benarroch and Weder, 2006; Anwar, 2008; and Zhang, 2013), 
                                                 
6 In this thesis, like a number of related studies (for example see Anwar, 2013 and references therein) relative 
factor intensities are modelled in an extreme fashion. We could also assume that both capital and labour are used 
in the production of X. However, in order to keep the analysis tractable, an extreme situation where labour is 
employed in the assembling process, and capital is used in the production of the varieties of an intermediate 
good is considered. 
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we assume that 1   and hence the elasticity of substitution between varieties of the 
intermediate goods is greater than unity, i.e., 1/ (1 ) 1    . All intermediate goods 
varieties enter symmetrically into the production of the final goods X  (i.e., all firms in sector 
M are identical in terms of cost and other market conditions). These standard assumptions 
imply that each firm in sector M specialises in producing a single variety of the intermediate 
goods.7 As the varieties are symmetrical, equation (3.1) can be re-written as follows: 
 
1
1
,
1
,  ,  
n
X X i X
i
nX X L M X L mm X L

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
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 
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      
                               (3.1)’ 
As
1
,n m nm 
 
the production of X is subject to external economies of scale, which is 
a standard outcome of internal economies of scale in the intermediate goods sector. In other 
words, an increase in the number of varieties of intermediate goods produced increases the 
industry output. As we focus on a symmetric equilibrium, subscript i  in sector M can be 
omitted, and hence mp  is the price of each variety of the intermediate goods. The price index 
of the intermediate goods sector can be written as follows:       
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Equation (3.3) shows that an increase in the number of varieties of intermediate goods 
leads to a decrease in the price index of M sector. Given that the assembling procedure 
employs labour and varieties of an intermediate product, pollution emission occurs only in 
the production of intermediate goods varieties im , where 1,2,...i n . 
                                                 
7 See Anwar (2008, 2013), Zhang (2012, 2013), and references therein. 
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In order to focus on the role of varieties of the intermediate goods, we assume that 
capital is the only input used in the production of im . As indicated earlier, the production of 
each variety of the intermediate input involves a fixed as well as a variable cost. As the 
market for intermediate goods is characterized by monopolistic competition, each firm 
specialises in producing only one variety. As the production of each variety generates 
pollution, each firm pays for the total pollution it emits. The profit maximising output of each 
variety of the intermediate product is determined by setting marginal revenue to equal 
marginal cost ( MC ), which leads to a mark-up pricing rule as follows: 
            
1
1Km Zm m m ma r a MC p p 

 
     
 
                                            (3.4) 
where Zma is pollution intensity, which measures the level of pollution produced per unit of 
production; 𝜏 is the pollution tax, which measures the price of pollution. 
In order to reduce mathematical notation, in the rest of this chapter, we redefine 
pollution intensity as Zme a . Because firms pay tax for causing pollution, pollution is 
viewed as the third factor of production. Pollution tax is controlled by a government’s 
environmental policy. The endogenous pollution policy will be discussed later in this chapter. 
 In the long-term besides the marginal cost, firms in the intermediate goods sector M
also incur a fixed investment cost ef . The free entry (i.e., zero profit) condition ensures that 
the fixed investment cost can be covered by the profit as follows,  
                                                    me Kf
p m
f a r

                                                     (3.5) 
where 𝑎𝐾𝑓 is the firm’s fixed cost.
8  
                                                 
8 A similar cost structure is used in related studies. For example see Sen, Ghosh, and Barman (1997). 
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The production function forY , which is also the numéraire, is as follows: 
                                             Y YY H L K                                                    (3.6) 
  The profit maximising output of Y is determined as follows, where the left hand side is 
the unit cost and the right hand side is the price, which has been set equal to unity. 
                                                              1KY LYa r a w                                                     (3.7) 
  The market clearing conditions for labour and capitals are as follows:  
                                                          LY LXa Y a LX                                                   (3.8a) 
                                                    KY Km Kfa Y n a m a K                                              (3.8b) 
The right hand side of equation (3.8) is the supply, which is assumed to be fixed, 
whereas the left hand side is the demand for factors of production in sectors X, Y and M. 
These equations show that capital is used in sectors Y and M only, whereas labour is used in 
sectors Y and X.  
3.2.2 Aggregate pollution emission and pollution intensity 
As indicated earlier, pollution is produced by the intermediate goods sector and hence 
total pollution emission can be written as follows, where dZ is pollution demand. 
                                                         d ZmZ n a m                                                          (3.9) 
 The above equation shows that demand for pollution is determined by: (i) n  which is 
number of varieties produced by the intermediate goods sector, (ii) m  which is the output of 
a representative firm in sector M , and (iii) Zma  which is the firm pollution intensity.   
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 The pollution intensity of a firm reflects the abatement technique used and the 
government environmental policy. The level of pollution in the economy  Z  is determined 
by the interaction of supply and demand. The demand for pollution comes from the 
production of intermediate goods, while government regulation concerning pollution 
determines the supply. The producers of the intermediate goods are obliged to pay for their 
emissions, which helps to internalize the negative externality of pollution. Government policy 
requires the producers of intermediate goods to pay for their emissions and this provides an 
incentive to reduce their pollution intensity through abatement. Abatement reduces pollution 
intensity, which contributes to a decrease in the level of pollution. However, abatement is not 
a costless activity. In other words, abatement activity results in a decrease in private sector 
production. There is a negative relationship between the price of pollution and pollution 
intensity as shown in equation (3.10), 
                                                 mZm
p
e a


                                                        (3.10) 
where   is a constant that captures the abatement technology. 
Equation (3.10), which is based on the work of Copeland and Taylor (2003), describes 
the demand-side of pollution. Equation (3.10) suggests that, ceteris paribus, higher pollution 
price leads to lower pollution intensity. An increase in environmental taxation   reduces the 
pollution intensity by encouraging firms to take more abatement action. 
 The pollution intensity of a firm in the intermediate goods sector  ZMa is determined 
by external market conditions, including the price of pollution    and the price of the 
intermediate goods  mp . The price of the intermediate goods is determined by a mark-up 
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pricing rule, which is shown in equation (3.4). This chapter examines how trade liberalisation 
affects the price of the intermediate goods and equilibrium pollution. 
 While the supply of primary inputs such as capital and labour is assumed to be fixed, 
the supply of pollution is usually determined by the government via alternative environmental 
policies.9 The government may set a maximum acceptable level of pollution as well as a 
pollution price. As long as the pollution permits can be traded freely, the pollution price and 
equilibrium pollution do not depend on government policy tools 10 . In the case of an 
exogenous environmental policy, Z  or  can be set arbitrarily. However, in the case of an 
endogenous environmental policy, the values of the two variables are determined by the 
government, for example, through maximisation of the total welfare. 
        In order to investigate the impact of market conditions on pollution, equation 
(3.10) is substituted into (3.9), which yields equation (3.11) as follows: 
                                   md Zm
p
Z n a m n m


 
   
 
                                                (3.11) 
Equation (3.11) shows that demand for pollution is negatively related to the price of 
pollution, which is shown as dZ  in Figure 3.1. The negative relationship between Zma  and    
captures the substitution between pollution and capital used in the production of each variety 
of intermediate good. For a given output of each variety of intermediate goods, an increase in 
the price of pollution discourages the intermediate goods producers to cause pollution and 
                                                 
9  In the absence of environmental policy, firms have no incentive to undertake abatement activities. In other words, 
abatement on the part of intermediate goods producers is a response to government’s environmental policy. 
 
10 It is one of the basic principles of economics that equilibrium price and quantity are decided by supply-demand analysis. 
This principle is suitable for any perfect competition market, including pollution permit market.  Environmental policy 
implemented by government changes the supply of pollution permit. If the policy tool used is pollution permits, less permits 
push the supply curve to left which leads to higher pollution price (i.e., pollution tax); while if policy tool used is pollution 
tax, higher price will push the demand curve to right which leads to less pollution. Nevertheless, the efficiency of 
environmental policy tool in imperfect competition market has been investigated in recent years. Relevant literature, see 
Kampas and White (2003), Parry et al. (2006), Yates (2012), Stranlaud (2014). 
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hence more capital is used. In other words, an increase in pollution tax forces intermediate 
goods producers to substitute capital for pollution.11  
 
Figure 3.1 Change in number of intermediate goods varieties and supply-demand of pollution 
As indicated earlier, the intermediate goods sector M consists of n firms, where each 
firm produces a single variety of the intermediate product. As pollution is associated with 
intermediate goods production, once the profit maximising quantity of each variety is 
determined, the aggregate pollution Z  can be endogenously determined by firm-level 
pollution 
mz  as follows: 
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
   
Using the above expression, the free entry/exit condition (3.5) can be re-written as 
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11 The issue of substitution between capital and pollution is further clarified after equations (3.15) to (3.18) have been 
presented. 
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The above condition implies 
                                        
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                                            (3.12) 
At the same time, the optimal values of mz and mk  can be derived by solving the 
following optimization problem 
                                   Max     ,m m m m m ep m k z z k r f                                   (3.13) 
where mk and zk are the decision variables. 
The optimization problem described in equation (3.13) yields a profit maximization 
condition as follows:  
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                                                           (3.14)    
The above condition indicates that profit maximization occurs when the ratio of 
marginal product of capital and pollution equals the relevant factor price ratio. Equation (3.14) 
shows that the firm-level pollution  i.e., z  is determined by, among other things, / r ratio. 
For firms in sector M , the fixed cost  ef  , the elasticity of substitution among 
varieties of the intermediate good   , the price of capital  r  and the pollution tax    are 
exogenous. Therefore, once the functional form of production function m  is specified, 
equations (3.12) and (3.14) jointly determine the optimal firm level pollution and capital used.  
3.2.3 Pollution tax and its implications 
The purpose of this section is to address the issues of (i) how government pollution 
policy affects production by the private sector and (ii) pollution emission. Instead of 
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assuming total pollution is fixed by the government, this thesis assumes that the price of 
pollution (i.e., the pollution taxation ) is decided by government arbitrarily. The case of the 
endogenous will be discussed later.   
3.2.3.1 Pollution intensity and  
By combining the mark-up pricing rule with pollution intensity, equation (3.10) can 
be rewritten as 
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Equation (3.15) implies that  
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As pollution intensity is non-negative  i.e., 0e  , the following condition must hold 
that    . Equation (3.16) can be used to derive the response of impact of pollution 
intensity with respect to a change in as follows: 
                          1 2( ) 0km
de
a r
d
   

                                                (3.17) 
Equation (3.17) shows that, from the demand side, pollution price    and pollution 
intensity  e are negatively related. This implies that a more stringent pollution policy can 
lead to lower pollution intensity, which confirms the consensus among environmental 
economics researchers (see Tang et al., 2014). An increase in pollution price forces firms to 
adopt abatement techniques to decrease their pollution intensity of production. 
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3.2.3.2 Firm’s output and  
In the short-term, the output depends on variable inputs. Assuming that z  and k
respectively are the environmental inputs (i.e., pollution demanded by each firm) and capital 
used by each firm in intermediate goods production, the impact of an increase in pollution tax 
on intermediate goods production can be evaluated as follows: 
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where 
dz
d
, the change in environmental input (i.e., firm level pollution) with respect to its 
price, is negative. 
As the marginal productivities are positive, 
dm
dz
 
 
 
and 
dm
dk
 
 
 
are positive but 
dz
d
 
 
 
  
is negative. For a given m , 
dk
dz
 
 
 
must be negative and in this sense capital and pollution are 
substitutes in the production of each variety of the intermediate product. It is clear that the 
overall impact of an increase in the price of pollution on m depends on the functional form of 
the production function of the intermediate goods.  
Further analysis can be conducted by assuming a Cobb-Douglas type production 
function as follows: 
1m z k   
 From equation (14), the link between optimal capital and pollution can be derived as 
follows:  
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Substituting equation (3.19) into the free entry condition (3.12), the optimal values of 
pollution and capital can be derived as follows: 
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Using the optimal values shown in equation (3.20), the optimal output of a variety of 
the intermediate product can be derived as follows: 
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Equation (3.21) can be used to examine the impact of an increase in pollution tax on 
the output of a variety of the intermediate product as follows: 
                                
1 1 11 1 0e
dm
f r
d
      

                                   (3.22) 
Equation (3.22) indicates that, in the longer-term, an increase in pollution price (i.e., ) 
leads to a decrease in the optimal output of each variety of the intermediate product. Using 
the equilibrium condition as depicted in equation (3.5), the relationship between the price of a 
variety of an intermediate product and output can also be examined as follows:  
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Equation (3.23) is derived by totally differentiating equation (3.5). An increase in the 
pollution tax increases the marginal cost of production  i.e., / 0MC    . This suggests that, 
in a closed economy equilibrium, an increase in the price of pollution leads to a decrease in 
the quantity of each variety of the intermediate goods produced. 
3.2.2.3 Number of intermediate firms and τ 
In the longer-term, the number of firms in the intermediate goods sector can be 
derived from equation (3.8b) as follows: 
                                                   KY
Km Kf
K a Y
n
a m a



                                                         (3.24) 
Equation (3.17) shows that 0km
da
d
 whereas equation (3.22) shows that 0
dm
d
 . 
Using these results, the sign of 
 Kma m



 cannot be unambiguously determined. Nevertheless, 
using the definition of ija  , we get 
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Using equation (3.20) into (3.25), yields equation (3.26) as follows: 
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 By multiplying both sides of equation (3.26) by m and using equation (3.21) on the 
right hand side of the resulting equation, we get 
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Equation (3.27) yield the following relationship 
 
0km
a m




 
The above relationship indicates that an increase in pollution price ( ) will lead to 
higher capital input in terms of variable cost ( Kma m ). Given that total capital ( K ) and fixed 
cost per intermediate products firm ( Kfa  ) are constant, under the condition that the use of 
capital of sector Y  (i.e., KYa Y ) does not increase
12, equation (3.24) suggests that increasing 
the pollution price induces higher capital input in sector M  and will decrease the number of 
varieties of the intermediate goods produced, i.e., 0
( )
Km
Km
an m
a
n
m 
 
 
  
  
Combining this result with equation (3.17) that 0
de
d
  and equation (3.22) that 
0
dm
d
  , we can conclude that all three components in equation 3.9 decrease with  , which 
leads to a lower level of total pollution Z . In other words, a higher pollution price leads to a 
lower pollution level. The impacts of varying environmental policy, which is in the form of a 
pollution tax, on the total pollution level, are via (i) change in firm level output (i.e., m ), (ii) 
industrial scale of sector M (i.e., n ), and (iii) change in the pollution intensity of production 
(i.e., e ). 
 
3.3 Endogenous environmental policy   
In the above discussion, environmental policy, which takes the form of a pollution tax, 
is exogenous. The pollution tax is determined by the government and producers take the tax 
                                                 
12 In the longer-term, the change in pollution price ( ) may have impacts on the output of Y . The effect depends on 
consumption substitution between X  and Y along with any marginal damage caused by pollution. This situation will be 
discussed in the section related to endogenous environmental policy. 
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rate as given. The level of pollution tax affects the intermediate goods producer’s demand for 
pollution. The pollution, unlike other inputs such as labour and capital which are constant, is 
determined by government through its environmental policy. For instance, a benevolent 
government may select its environmental policy (i.e., the pollution tax rate and/or the number 
of pollution permits) in order to maximize social welfare. Depending on the lobbying 
activities of the interest groups within the country, a government may set an environmental 
policy that favours particular interest groups. In this section, it is assumed that the 
government sets its environmental policy to maximize social welfare. 
3.3.1 Pollution demand 
Total differentiating equation (3.11) deconstructs the impacts of change in pollution 
tax    on total pollution level Z  into three parts: (i) change in firm level output (i.e., m ), (ii) 
change in industrial scale of sector M (i.e., n ), and (iii) change in the pollution intensity of 
production (i.e., e  ). Discussion in 3.2.3 suggests the three impacts are negative, i.e. 
                 0
Z n e m
em nm en
   
        
        
        
                                     (3.28) 
Equation (3.28) shows that a negative relationship between the price of pollution and 
pollution produced by the intermediate goods sector. This relationship is shown as 
d
Z  in 
Figure 3.1. 
Within the context of closed-economy equilibrium, the relationship between pollution 
price and pollution emission can also be derived by focusing on GDP function (Woodland, 
1982, Copeland and Taylor, 2003). The GDP of the economy equals the value of the two 
final goods  XG Y XP   , which is determined by factor endowments and final goods 
prices                          
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                   (3.29)                                                               
where (.)T  represents production technologies when pollution after abatement is taken into 
account. The second part  , , , , ,X Y MG P P P K L Z   is general form of gross output function of 
an economy which indicates that the total final output is determined by prices and production 
inputs. The third part    1, ,  X X iY P X L m k z    is the form of market value of the gross 
output. Since Y  is served as numéraire as discussed in Section 3.2.1, its price YP  is unitized.
MP  is included in the production function of final product    1, ,  X iX L m k z   and 
technology of the society  , ,T K L Z . Similarly, capital K  and aggregate labour are included 
in the production function of final product    1, ,  X iX L m k z   and technique of the 
society  , ,T K L Z . The specific function forms have been discussed previously in Section 
3.1. 
 
The cost function of X  is specified in equation (3.2). The equilibrium price of the 
final good X  is affected by the price of the intermediate product  mp  and the number of 
intermediate goods varieties  n produced. Another factor that has an impact on the price of X  
is the wage rate  w which is determined by factor endowment and production technology. 
The price of the final product Y  has been normalised to unity. The national income of the 
economy can be rewritten as follows: 
                                          , , ,Z; , ,m xG p p n K L                                                   (3.30) 
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Using the Hotelling’s lemma, the following relationship can be derived13  
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                                   (3.31)                                                                                    
Equation (3.31) reflects the fact that optimal values of the final goods and the 
intermediate product can be derived by differentiating the national income function with 
respect to the price of the relevant goods. The above national income function,
 , , ,Z; , ,m xG p p n K L , can also be used to derive the optimal prices of the relevant factors 
of production as follows: 
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                                  (3.32) 
Using equation (3.32) the demand for pollution can be viewed as the marginal benefit 
of pollution (the marginal abatement in general equilibrium). An increase in the price of 
pollution leads to a decrease in the marginal benefits of pollution, which reflects the 
downward sloping demand curve as shown in Figure 3.1. 
3.3.2 Consumer utility and pollution supply 
          In the scenario where the benevolent government sets its environmental policy by 
maximising the utility of a representative consumer and by taking into account the private 
sector production and pollution, following the existing literature, this thesis assumes that the 
                                                 
13 See Varian (1992). 
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utility function is separable into pollution and final goods consumption. The utility function 
of the representative consumer is as follows: 
                             , , , , ( )
X Y
U x y Z u x y h u h Z
L L
Z
 
    
 
                             (3.33) 
where x  and y  represent the individual consumption of final goods, and Z is the pollution 
level.  
(.)
'(.) 0
u
u
x

 

 implies that an increase in consumption of the final goods increases 
consumer utility, and 
(.)
'(.) 0
h
h
z

   

implies that a decrease in pollution increases 
consumer utility.  
The above utility function suggests that pollution, which is modelled as a pure public 
good, leads to disutility. Utility is maximised subject to national income equal to the value of 
production constraint as follows: 
                                                   xwL rK Z XP Y                                                       (3.34) 
where the left hand side of equation (3.34) is the income relevant to the factors of production 
plus the tax revenue from pollution and the right hand side is the value of output. 
The government sets the pollution tax rate by maximising the utility of the 
representative consumer subject to the constraint as expressed in equation (3.34). The first-
order conditions can be expressed as  
                                                   X Y Z
X
u u h
LP L


                                                           (3.35) 
where   is the shadow marginal utility of the representative consumer. 
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By re-arranging equation (3.34) and using (3.35), the supply of pollution, which 
maximizes the utility of the representative consumer, can be expressed as follows: 
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Using equation (3.36), we observe that the supply of pollution is positively related to 
its price   ,  
                                                       
supply
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                                                        (3.37) 
Equation (3.37) shows that supply of pollution is positively related to price of 
pollution, which is also shown by means of curve sZ  in Figure 3.1. In other words, the 
demand for environmental input (i.e., pollution), along with the supply as determined by the 
government, jointly determines the equilibrium of pollution as shown by A in Figure 3.1. 
From equation (3.35), we get  
                                                        Z X Z Z
X Y
h LP h Lh
u u


                                                 (3.38) 
The optimal pollution can also be determined by making use the Samuelson rule. The 
Samuelson rule requires the price of pollution to equal the sum of marginal damage (MD) 
arising from pollution, i.e.,  L MD  . By making use of the Samuelson rule and equation 
(3.38), we can derive the following relationship 
                                                    X Z Z
X Y
P h h
MD
u u
                                                        (3.39) 
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Equation (3.39) demonstrates the marginal effect on the relative utility of environment 
with respect to final products.  
3.3.3 Environment market equilibrium 
With the introduction of fragmentation into the model, the demand for pollution from 
producers of intermediate goods is captured by equation (3.32), whereas equation (3.39) 
captures the supply of pollution by residents. Using demand and supply analysis, equilibrium 
pollution can be determined as 
                             , , , , , , ,Z m xG p n K L Z L MD X Y ZP                                       (3.40) 
 
3.4 Impact of trade liberalisation of intermediate goods  
As demonstrated by Krugman (1979), trade liberalisation improves the welfare of an 
economy that is involved in intra-industry through an increase in the number of available 
varieties. In the present case, as the economy moves from autarky to trade, there is an 
increase in the number of varieties of intermediate goods, which increases the size of external 
economies to the producers of the final good X . In other words, trade liberalisation, in the 
present case, increases the productivity of firms in X industry. The existing literature 
suggests that a more favourable trade policy involving the intermediate goods and internal 
trade of transnational corporations, along with other reasons (such as lower transportation 
cost) have contributed to an increase in international trade in intermediate goods (Walz, 1996; 
Kleinert, 2003). In the following sections, the impact of trade liberalisation on the 
environment where intermediate goods varieties are involved is investigated. 
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3.4.1 Trade liberalisation and change in prices 
In the case of closed economies (i.e., in an autarkic equilibrium), all prices such as the 
final and the intermediate goods prices are determined through the interaction of domestic 
supply and demand, and this is affected by factor endowments, production technologies and 
consumer preferences. However, small open economies that are by definition involved in 
international trade are price takers; prices are determined in the international market. In this 
section, the effect of trade liberalisation on environmental quality will be discussed. The 
direction of trade is determined by a country’s comparative advantage, which is influenced by 
its domestic prices in an autarkic equilibrium. We will also consider the issue of how trade 
liberalisation affects the demand and supply of pollution. 
 Trade liberalisation can occur for several reasons. For example, a reduction in import 
tariffs can increase the volume of international trade. Non-trade policy reasons include, 
changes in administrative barriers and the cost of international trade, for example, a reduction 
in transportation costs due to technological progress. A tariff reduction leads to a direct 
increase in the volume of trade, which enhances a country’s gross national product. However, 
a decrease in transportation cost is likely to have relatively less significant effect on national 
income. Nevertheless, trade liberalisation leads to a direct effect on commodity prices in the 
domestic market. In the present case, where the economy under consideration produces a 
large number of varieties of intermediate goods that are symmetrical in many respects, trade 
liberalisation will affect the price index of the intermediate goods. Trade liberalisation can, 
through increases in the output of the intermediate goods sector, increase the demand for 
pollution, which is treated as a factor of production. Liberalisation of trade in intermediate 
goods varieties will also affect final goods prices and indirectly there will also be a change in 
the supply of pollution that is set by the government. These impacts will be considered in the 
remainder of this chapter. 
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It is well known that, trade liberalisation increases the availability of product varieties 
and hence in order to examine the impact of trade liberalisation on pollution, we must focus 
on the impact of a change in the number of varieties of intermediate goods produced on 
demand and supply of pollution. In an open economy, due to trade, each country will have 
access to more varieties of the intermediate goods and hence the price index of M becomes 
                                
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where n   is the number of varieties produced by firms in the domestic market whereas 
*n   is 
the number of varieties produced by the rest of the world; superscript TMP  is the price index of 
the intermediate goods in an open economy setting where trade in varieties of the 
intermediate goods takes place.  
        Equation (3.41) shows that as the number of varieties available increases due to trade, 
the price index drops (because 1  ). Another point that is worthy of note is, if the demand 
for each variety of the intermediate products were elastic, then trade would have no effect on 
the scale of production; i.e., the firm-level production m does not change (Krugman, 1979), 
however, more varieties are available due to trade. 
3.4.2 Exogenous environmental policy in the short-term 
 In the short-term, environmental policy and production technologies are assumed to 
be fixed. In the case of an exogenous environmental policy, the aggregate pollution is fixed at 
level Z , which reflects the number of pollution permits issued by the government. In this 
section we will examine whether or not the price of pollution permits in a free market 
changes in response to changes in demand for pollution permits. 
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 Firms in a monopolistically competitive market set the price of their output based on 
a mark-up pricing rule. In the present case, the price of each variety of the intermediate 
product, mp  is determined by the marginal cost and the elasticity of substitution. It is clear 
that an increase in the number of intermediate inputs available due to trade liberalisation 
would have no direct impact on the price of the varieties produced by firms in the domestic 
market. Furthermore, the output of each firm in sector M is fixed, assuming the demand 
elasticity facing each individual firm is constant (Krugman, 1979). Given the output of each 
firm is fixed, the number of varieties produced domestically and pollution intensity are also 
fixed, in the short-term, trade liberalisation does not lead to a change in demand for pollution. 
As a result, there is no change in the price of pollution.   
If the government chooses a fixed environmental policy then the price of pollution is 
also fixed and as shown in equation (3.10), liberalisation of trade in varieties of the 
intermediate products has no effect on pollution intensity /me p  . At the same time, trade 
in varieties of the intermediate products has no direct impact on the number of domestically 
produced varieties  n  as well the output of each variety  m . Therefore, in the case of an 
exogenous government environmental policy, liberalisation of trade in varieties of the 
intermediate products has no effect on total pollution m
p
Z nme nm


 
   
 
.  
3.4.3 Endogenous environmental policy in the longer-term 
In the longer-term, government has the ability to develop and implement alternative 
environmental policies with the purpose of achieving specific targets. At the same time, over 
a similar time period, firms have the ability to adjust their production. Depending on their 
profitability, firms can also enter or exit the industry. The intermediate goods producers’ 
demand for pollution permits is linked to their pollution intensity, which is determined by the 
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relative price of the intermediate product mp and the price of pollution. The supply of 
pollution permits is determined by government environmental policy. The supply of permits, 
as indicated earlier, can be based on maximisation of a representative consumer’s utility 
subject to the usual budget constraint, which is affected by real income, relative price of the 
final product and the pollution level. Liberalisation of trade in intermediate goods has a direct 
impact on the price index (i.e., the aggregate price of intermediate good), pollution demand 
and hence the total output. On the other hand, pollution supply varies with respect to changes 
in total output. 
In the case of free trade equilibrium, the zero profit condition for sector X that uses 
labour and varieties of the intermediate product can be written as 
                    
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* 1T
LX MX M LX MX Xma w a P a w n pa pn
                                   (3.42)           
However, the optimisation condition (3.38), which determines consumer utility 
maximising supply of pollution, continues to hold when the economy moves from autarky to 
free trade. For further analysis, following existing studies such as (Benarroch and Weder, 
2006), this thesis assumes that the consumer utility function has a Stokey functional form 
(Stokey, 1998). The functional form of the utility function is as follows: 
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where   is the weight of product X  consumed in the utility function and hence it is satisfies 
the condition 0 1  ;  is the elasticity of marginal utility with respect to consumption of 
final goods. 
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The units of measurement chosen for labour are 1L  . Substituting equation (3.43) 
in equation (3.35) yields: 
                                                   (1 ) (1 )(1 ) 1
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                                           (3.44) 
Based on the above discussion, the general equilibrium of the open economy can be 
characterised by the following equilibrium conditions. 
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The above are seven equations in seven endogenous variables: , , , , ,  and X Y m n w r  . 
Equations (3.42) and (3.7), respectively, are the zero profit conditions for sectors X  and .Y  
These conditions determine the profit maximising output of each sector. Equation (3.4) is the 
zero profit condition for the intermediate goods sector, which determines the optimal output 
of each variety. Equation (3.5) is the zero profit condition that determines the number of 
varieties produced. Equations (3.8a) and (3.8b), respectively, are the market clearing 
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conditions for labour and capital. Equation (3.44) describes the endogenous environmental 
policy, determining the optimal price of pollution. 
This thesis focuses on the impact of liberalisation of trade in varieties of intermediate 
goods and assumes that world prices remain fixed. Trade in varieties of intermediate goods 
affects the general equilibrium via change in the number of varieties available to domestic 
producers. Specifically, due to trade in varieties of intermediate goods 
*n additional varieties 
are available to domestic producers of X . An increase in the number of varieties impacts the 
price of final goods, outputs and hence the level of pollution in the economy. These effects 
can be evaluated by totally differentiating equations (3.4), (3.5), (3.7), (3.8a), (3.8b), (3.42) 
and (3.44). The resulting equations are as follows: 
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where 
i
j represents the share of factor 'i s in the cost of product j , 
j
i is the share of 
consumption in factor j  in the production of i .14 
From equation (3.50), the change in products of each firm in sector M can be derived 
as follows: 
                                                       ˆ ˆmm p                                                                   (3.52) 
Equation (3.52) shows that as the economy moves from autarky to free trade, more 
varieties of intermediate goods are available but the output of each variety produced is 
unaffected unless the world price of the specific intermediate goods variety changes; this is 
consistent with Krugman (1980). While the output variety that causes pollution does not 
change, two issues must be taken into account. As varieties of the intermediate goods are 
traded, an increase in the number of varieties that are available and because of external 
economies of scale, the output of sector X increases. This effect occurs because a decrease in 
the price index of the intermediate goods, which may lead to stricter environmental policy, 
reduces the supply of pollution. However, a stricter environmental policy could force firms to 
increase their spending on abatement, which in turn can affect their profit and hence 
production techniques. Replacing (3.52) into (3.45) to (3.51), yields the following system of 
equations:  
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                                                                                                                                      (3.53) 
Based on Cramer’s rule, the system of equations presented in compact form in (3.53) 
has a unique solution only if the determinant of the 6x6 matrix is non-zero. From the equation 
(3.53), it is clear that the explicit solution depends on (i) elasticity of substitution between 
varieties of the intermediate goods; (ii) the share of domestically produced varieties out of the 
total number of available varieties; (iii) the input coefficients; and (iv) the consumer utility 
function. However, it is clear that liberalisation of trade in varieties of intermediate goods 
affects environmental policy, the level of pollution and welfare of the representative 
consumer.  
 
3.4.4 A special case with fixed coefficient production technology  
The above discussion suggests that a relationship between trade in varieties of 
intermediate goods and aggregate pollution exists. However, the effects also depend on, 
among other things, a change in input coefficients and the cost share of inputs used in the 
production. In order to make the analysis tractable, in this section, it is assumed that the input 
coefficients are constant. Equation (3.42) depicts the change in the relative price of the final 
product with respect to trade liberalisation. In order to examine the impact on aggregate 
pollution of an increase in the number of varieties of intermediate goods, there is a focus on 
the output effect. Following Krugman (1980), it is here assumed that, in an open economy 
equilibrium, the domestic production of X consumes varieties of intermediate goods in the 
same proportion as its market share in the world production of the intermediate goods. This 
assumption implies that  
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    Assuming the technology coefficients and scope are constant, by total 
differentiating (3.54), it shows 
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Replacing equation (3.55) into (3.48) and rearranging yields 
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  By totally differentiating equation (3.44), the following can be arrived at 
ˆ ˆˆ ( 1) [1 (1 )(1 )]X Y                                                     (3.57) 
By substituting equation (3.55) and (3.56) into (3.57), the change in price of pollution 
caused by international fragmentation can be written as 
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 Equation (3.58) shows that, for a given Z , an increase in the number of varieties of 
intermediate goods reduces the price of pollution as long as:  
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It is clear from equation (3.58) that the relationship between the number of varieties 
of intermediate goods produced and the price of pollution, is unambiguously negative when
0 1  . The relationship between the price of pollution and the number of varieties of 
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intermediate goods is also negative when 1   but sufficiently small so that
1XL
 
 


. In 
other words, in the case of a relatively developed country,  is likely to be small and hence 
the pollution price will decrease as the number of intermediate goods varieties increases due 
to trade. An increase in the number of intermediate goods varieties shifts the supply curve of 
pollution to the right and hence the price of pollution decreases and there is an increase in the 
equilibrium level of pollution as shown in Figure 3.1. On the other hand, if the elasticity of 
marginal utility with respect to consumption (i.e., ) is sufficiently large, an increase in the 
number of varieties due to trade in varieties of intermediate goods, leads to a higher pollution 
price, which decreases the supply of pollution. 
As discussed earlier, developed countries tend to have a lower . It can therefore be 
argued that in the case of developed economies, an increase in intermediate goods trade is 
likely to result in a lower pollution price and higher equilibrium pollution.  
The above discussion can also be summarised by means of pollution supply and 
demand curves in Figure 3.1. Figure 3.1 shows that, when condition (3.59) is satisfied, for a 
given demand for pollution, an increase in the number of varieties from n to 
*n n  (i.e., a 
movement from B to B’ in the left panel of Figure 3.1) increases pollution supply (from sZ to 
'
sZ ), which leads to a decrease in its price as shown in equation (3.58). 
In summary, trade liberalisation (i.e., introduction of trade in varieties of an 
intermediate good) leads to an increase in the number of intermediate goods available, which 
increases pollution and hence the economy experiences higher levels of pollution in 
equilibrium if condition (3.59) is fulfilled. If the condition (3.59) is unfulfilled then the result 
is the converse - i.e., an increase in varieties of intermediate goods due to trade, leads to a 
higher pollution price, which results in lower equilibrium pollution. 
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3.5 Implications of the environmental policy when there is trade in varieties 
of intermediate goods  
Here it is assumed that two economies are identical except for their environmental 
policy, i.e.,
*  . As discussed in section 3.4, supply of environmental quality (in the form 
of pollution tax or pollution permits) is determined by maximising the utility of a 
representative consumer. In the real world, the objectives of government environmental 
policies vary across countries. Even for the benevolent governments that set their policy such 
that utility of a representative consumer is maximised, the policy depends on the form of the 
utility function as well as the country’s the level of economic development. This section 
addresses the issue of whether environmental policy alone can cause trade in intermediates 
and hence determine the pattern of trade. 
From the perspective of an emerging economy, I assume its trading partner has higher 
marginal utility from environmental quality, such that  
                                                        * 0Z Zh h                                                                   (3.60) 
where 
*h  is the utility function of environmental quality of the trading partner.  
Equation (3.60) implies that the same level of pollution leads to a higher negative 
utility for the trading partner. Assuming that the only difference is the utility of pollution and 
all other factors are the same between two economies and substituting equation (3.60) into 
(3.38) yields 
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Equation (3.61) suggests that a higher utility from environmental quality leads to 
stricter environmental policy. As discussed earlier in section 3.3.2, an increase in the price of 
pollution further decreases the number of output varieties of each firm in the intermediate 
goods sector and also the pollution intensity. Consequently, differences in environmental 
policies, due to differences in consumer preferences, lead to a change in the price of pollution, 
which affects (i) the output level of each firm and (ii) the number of varieties in intermediate 
market. More importantly, equation (4) suggests that the price of intermediate goods will 
change with the pollution price. Replacing equation (3.61) into equation (3.4) and rearranging 
yield 
         * *m Km Zm Km Zm mp a r a a r a p                                      (3.62) 
Equation (3.62) shows the price of individual intermediate goods of a country with a 
higher pollution price is greater than the country with lower pollution price. Considering 
intermediate goods are used in the production of final product X  with constant substitution 
elasticity for the producer of X , unlike the symmetric situation where the prices of 
intermediate inputs are identical, the uneven price of intermediate inputs will lead to different 
use of intermediate inputs. Based on the literature of monopolistic competition (Dixit and 
Stiglitz, 1977) the use of intermediate inputs of different price is, 
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 
                                                   (3.63) 
Equation (3.63) indicates the ratio of different intermediate goods used in production 
is reciprocally related to the ratio of their prices. And the impacts of different prices on 
intermediate inputs are also determined by the substitution elasticity. It is unambiguous that, 
ceteris paribus, the environmental policy induced price difference being used in the final 
production will lead to more intermediate inputs from countries with loose environmental 
policies and less intermediate inputs from countries with strict environmental policies. In this 
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sense, environmental policy is one of the comparative advantages explaining rapid increasing 
international trade in intermediate in developing countries compared to developed countries. 
At the same time, if two economies are identical, except for differences in their 
environmental policy, in open economy equilibrium, the price index of the intermediate good 
M as presented in equation (3.41) can be modified as follows: 
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where _ TMP NEW represents the price index of M  in a world with trade and when the two 
economies are identical except for differences in their environmental policy. 
Equation (3.64) shows that when two economies that are different only with respect to 
their environmental policy begin trading together, and the aggregate price of M is higher as 
there are less foreign firms in intermediate goods market due to stricter environmental policy
 * *_n NEW n , the new price of the foreign varieties of the intermediate goods is higher
 * *i.e., _ jp NEW p . Stricter environmental policy leads to a higher domestic price in the 
intermediate goods sector. Given the market for the intermediate good is characterized by 
monopolistic competition, a change in the price of the imported varieties of intermediate 
goods has no direct impact on the price of domestic varieties.   
3.6 Chapter summary 
This chapter examines the impact of growing trade in intermediate goods on 
environmental quality. Environmental quality is measured by the level of pollution in the 
economy. An economy that produces for example, two final goods and a large number of 
varieties of intermediate goods, entered as inputs into the production of one of the final goods, 
thus promotes monopolistic competition in the intermediate goods sector. Furthermore, 
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production of each variety causes pollution. As the firms pay for the pollution caused and 
pollution can be abated at the cost of potential output, pollution is viewed as a factor of 
production and hence intermediate goods production leads to demand for pollution in the 
economy. Governments determine the supply of pollution in the economy in such a way that 
it maximises the utility of a representative consumer. This facilitates an examination of the 
implications of an endogenous environmental policy. The interaction of demand and supply 
determines the equilibrium level of pollution in the economy. After examining the properties 
of the equilibrium under both exogenous and endogenous government environmental policies, 
the implication of free trade in varieties of intermediate goods is examined. Due to the 
presence of internal economies of scale in the intermediate good sector, the production of the 
final good that uses intermediate goods as input, is subject to external economies of scale that 
enhance firm productivity. Due to trade in varieties of intermediate goods, the number of 
available varieties increases, which affects the output of the final goods thereby, affecting the 
supply of pollution, this in turn has implications for the equilibrium level of pollution and its 
price. 
The theoretical results presented in this chapter suggest that environmental policy 
directly impacts the production of intermediate goods, which causes pollution. However, the 
environmental policy also affects other sectors that do not cause pollution. Trade 
liberalisation increases the varieties of intermediate goods that enter as an input into the 
production of a final good, which increases aggregate output of the final good and hence the 
national income. As environmental quality is a normal good15 in this series of relationships, 
increase in national income leads to higher demand for environment quality. Towards the end 
of the chapter, the link between government environmental policy and comparative advantage 
is considered. When two countries are identical in every respect, except for differences in 
                                                 
15 Normal goods are the goods with positive elasticity of demand, i.e., higher income lead to higher demand.  
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their environmental policy, the country with a relatively strict environmental policy is found 
to be a net importer of varieties of intermediate goods that cause pollution. In other words, 
the countries that have a relatively strict environmental policy import dirty products (i.e., 
products that cause pollution during their production phase).    
The next Chapter will discuss the research questions and hypotheses to be tested 
based on the literature reviewed in Chapter 2 and the theoretical results presented in this 
chapter. 
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Chapter 4 Empirical Research Questions and Hypotheses to Test 
 
4.1 Research rationale 
As discussed in the literature review in Chapter 2, a number of studies have examined 
the link between international trade and environmental change. The impact of trade on 
environment can be divided into three categories (Grossman and Krugger, 1991), (i) the scale 
effect, (ii) the composition effect, and (3) the technique effect. A number of theoretical and 
empirical studies have explored various aspects of these effects (Frankel and Rose, 2005; 
Grether and Mathys, 2010; Farhana, Chaibi and Rault, 2014). At the same time, environment 
related issues, such as environmental policies and environmental resources used in production, 
are recognized as the source of comparative advantage of economies in international trade. 
For example, ‘pollution haven hypothesis’ argues that pollution-intensive industries will 
transfer from the developed countries to the developing countries; it is argued that this 
situation arises because environmental policies in developing countries tend to be less strict 
(Eskeland and Harrison, 2003; Cole, 2004; Grether, Mathys and de Melo, 2012). In other 
words, the ‘pollution haven hypothesis’ suggests that comparative advantage in products that 
cause high levels of pollution will shift from the developed to the developing countries.   
Nevertheless, only a few studies have explored the link between the changes in the 
structure of trade and pollution. In recent years, as indicated in Chapter 1, with the growth in 
international production fragmentation, the value share of trade in intermediate goods with 
respect to total trade has exceeded the value share of trade in final goods. In overall terms, 
intermediate goods have become one of the most important categories of trade. Increase in 
trade in intermediate goods has necessitated increase in production, which has increased 
global production fragmentation. The existing studies that consider the link between trade in 
intermediate goods and pollution can be divided into two groups: (1) individual country case 
studies (Dean and Lovely, 2010, Dietzenbacher, Pei and Yang, 2012) and (ii) studies that 
assume the environmental policies are exogenous (Benarroch and Weder, 2006; Swart, 2013). 
However, these studies appear to neglect the more general situation where environmental 
policy is affected by the fragmentation induced trade in intermediate goods. This thesis 
therefore addresses this gap in the literature, 
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Chapter 3 illustrates that in order to theoretically examine the relationship between 
trade in intermediate goods and the environment in the context of international production 
fragmentation, the model used for trade-environment must be extended to include trade in 
intermediate goods. The inclusion of trade in intermediate goods means we can also take into 
account international production fragmentation. In order to examine the implications of trade 
in intermediate goods, this thesis considers an economy that produces both final goods and 
varieties of intermediate goods. The latter serves as inputs into the production of the final 
goods. Within the context of an endogenous pollution policy, firms are required to pay for the 
pollution they create. However, pollution can be abated at the cost of potential output. In 
other words, firms can reduce the level of pollution that they create by reducing the level of 
output they produce. In such a setting, pollution can be viewed as a factor of production and 
hence the production of intermediate goods leads to demand for pollution in the economy. In 
most economies the government determines the level of pollution supply in the country. 
Theoretically the optimal supply of pollution is determined in such a way that it maximises 
the utility of a representative consumer. In a competitive market, it is the interaction of 
demand and supply that determines the equilibrium level of pollution in the economy. 
The theoretical analysis presented in Chapter 3 suggests that environmental policy 
directly impacts on the production of the intermediate goods that create the pollution. 
However, environmental policy also affects the sectors that do not create pollution. Trade 
liberalisation increases the number of varieties of intermediate goods that enter as an input 
into the production of the final goods, which in turn increases the aggregate output of final 
goods and hence the national income. When we understand environmental quality as a 
normal good, an increase in national income leads to demand for higher environmental 
quality. Towards the end of this chapter, the link between government environmental policy 
and comparative advantage is considered. When two countries are identical in every respect, 
except for their environmental policy, perhaps motivated for example, by different policy 
objectives, the country with a relatively stricter environmental policy is found to be a net 
importer of varieties of the intermediate goods that cause pollution. In other words, countries 
that have relatively strict environmental policies import dirty products (i.e., products that 
cause pollution during their production phase).    
From the literature reviewed in Chapter 2 and theoretical model developed in Chapter 
3, it is shown that (i) there is a link between economic globalization and environmental 
change; (ii) the fragmentation of production and trade in intermediate goods have become an 
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important trend in the world economy; and (iii) the theoretical foundations for the 
relationship between trade in intermediate goods and environmental change are solid.  
The rapid growth in trade in intermediate goods, especially within the emerging 
economies of East Asia, begs the question as to whether growth in trade in intermediate 
goods will lead to more or less pollution. This is really an empirical question, rather than a 
theoretical problem. Environmental degradation has become a serious concern in most 
economies at both the national and the sectoral levels and in many cases, even at the firm 
level.  Based on the above considerations and in order to achieve the research objectives 
discussed in Chapter 1, three empirical research questions have been developed (see Chapter 
1). These research questions will be answered by testing the hypotheses that underpin this 
thesis and are discussed in more detail in the following section.  
 
4.2 Hypotheses development 
As indicated in the discussion of the theoretical framework, supply of environmental 
resources (in the form of pollution, which is controlled by means of a pollution permit or 
pollution tax) is one of the inputs that can potentially affect the aggregate output. On the 
other hand, growth in trade due to its impact on the output is likely to have an effect on the 
demand for pollution. Therefore, this thesis will (i) estimate the implications of trade in 
intermediate goods on changes in the level of pollution in East Asia; and (ii) focus on the 
relative advantage caused by pollution as a production input in the development of 
international production fragmentation-induced trade in intermediate goods, by means of 
testing the following hypotheses. 
4.2.1 Hypotheses concerning research question 1 
The existing literature suggests that global trade in final goods can result in 
environmental change. However, the impact of trade on the environment varies, from country 
to country, between sample periods, and with the types of pollution used to measure 
environmental change (Dinda, 2004; Wiedmann, et al., 2007; Cao and Prakash, 2010; 
Kanemoto, et al., 2014). The theoretical analysis presented in Chapter 3 points to 
fragmentation-induced trade in intermediate goods as an additional source of change in the 
aggregate pollution level. It follows therefore that the first research question is, ‘Does growth 
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in trade in intermediate goods lead to environmental degradation?’  In order to answer 
above research question, the following hypotheses will be tested. 
Hypothesis 1:  Growth in trade in intermediate goods affects the level of pollution. 
This hypothesis is based on the theoretical analysis presented in Chapter 3, which 
indicates that increases in international fragmentation of production and corresponding 
increases in international trade in intermediate goods tend to change the level of pollution in 
the economy. In other words, the first hypothesis is a direct test of the theoretical result 
derived in Chapter 3. The testing of this particular hypothesis requires an empirical 
estimation of the link between trade in intermediate goods and pollution. This hypothesis will 
be tested using the data from East Asia. 
Hypothesis 2: The impact of trade in intermediate goods on pollution is different from the 
impact of total trade. 
The objective is to explore the consequence for the environment of increasing trade in 
intermediate goods. Testing of hypothesis 1 leaves open the question of whether or not the 
impact on pollution of the trade in intermediate goods differs from the impact of total trade 
which consists of intermediates and non-intermediates trade. The comparison between the 
two effects will allow identification of the peculiarities of trade in intermediate goods on 
environment. 
Hypothesis 3: The impact of trade in intermediate goods on pollution varies across 
categories of trade (i.e., exports of intermediate goods, imports of intermediate goods and 
aggregate trade). 
International trade in most products including intermediate goods involves at least 
some degree of specialization. Gereffi (1999) found that international trade network 
facilitates industrial upgrading via global commodity chains. In the process of industrial 
upgrading caused by international trade network, developing countries, such as China may be 
able to get access to ‘cleaner production technique’ via the spillover effect. In the 
international value chain, some countries are net exporters and some are net importers. 
Hypothesis 3 will make it possible to distinguish the effects of exports, imports and aggregate 
trade on the environment. The different directions of trade – imports and exports – reflect the 
position of a country in the global production network. In the context of trade in final 
products, the purpose of imports is to fulfil the demand of domestic consumers while the 
purpose of exports is to fulfil the demand from the consumers of foreign countries. However, 
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in the context of trade in intermediate goods, the purpose of imports is sometimes production 
and re-export, and vice versa. Hence, it is important to distinguish between these three 
categories of trade in the context of international production fragmentation. 
 
4.2.2 Hypotheses concerning research question 2 
The second research question is ‘What is the impact of pollution on international 
production fragmentation and trade in intermediate goods?’ This is a complex question as 
it must take into account a range of factors beyond simply trade; these include economic 
development, trade policies and improvements in technology, as they all impact 
environmental change. 
The ‘pollution haven hypothesis’ is based on the premise that developing countries 
are less concerned about the environment and hence their environmental policy standards are 
not as high as those of developed countries. This allows the relocation of industries that 
create more pollution, from developed to developing countries. In other words, environmental 
resources could contribute to aggregate output and trade. Additionally, the theoretical model 
presented in Chapter 3 shows that, as long as abatement activity is adoptable, pollution which 
is a by-product, can also be treated as a production input. Therefore, pollution can be 
considered as an additional factor of production. 
Using the trade gravity model, some existing studies have examined the role of 
environment on trade (e.g. Grether, Mathys, and de Melo 2005, Mangge and Elmslis 2010). 
Baldwin and Taglioni (2011) found that the standard gravity model performs poorly in the 
context of trade in intermediate goods; they attributed this to the fact that importing of the 
intermediate goods is meant to satisfy the derived demand. The empirical estimation 
presented in this thesis will focus on the impact of the environment on trade, taking the 
peculiarity of intermediate goods into account (i.e., intermediate goods are not meant for 
direct consumption). Research question 2 can be answered by testing the following 
hypotheses. 
Hypothesis 4: Pollution is an important determinant of international fragmentation-induced 
trade. 
The theoretical analysis presented in this thesis shows that the environmental input (in 
the form of pollution) has a positive impact on the total output. However, pollution has a 
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negative impact on consumer utility. In order to examine the impact of pollution on trade, this 
thesis introduces pollution as an additional variable into the standard trade gravity model. 
This allows the presence of a statistically significant relationship between pollution and 
different types of trade (i.e., trade in intermediate goods versus total trade) to be tested; this 
has not been fully considered in the existing studies. 
Hypothesis 5: The impact of pollution on trade in intermediate goods is different from its 
effect on total trade. 
The impact of pollution on trade in intermediate good is empirically tested in 
hypothesis 4. However, we must also ask whether the implications of environmental input on 
trade in intermediate goods is the same as on total trade. Hypothesis 5 is the basis for 
comparing the impact of pollution on trade in intermediate goods against its impact on total 
trade. This thesis will compare the impact direction and statistical significance of pollution on 
these two types of trade. Furthermore, it will identify which types of trade (i.e., trade in 
intermediate goods versus total trade) are more influenced by environmental inputs.  
4.2.3 Hypotheses concerning research question 3 
Research questions 1 and 2 focus on the connection between trade in intermediate 
goods and the level of pollution. However, ‘pollution haven’ theory suggests that the level of 
economic development plays a crucial role in determining the environmental policies of a 
country. The transfer of highly polluting industries from developed to developing countries, 
which might lead to an increase in trade through an increase in output, could also increase the 
level of pollution in developing countries. 
The theoretical analysis presented in Chapter 3 shows that the substitution between 
environmental quality and final consumption goods, which is mainly determined by the level 
of economic development, plays an important role in determining the impact on aggregate 
pollution of fragmentation induced trade. In order to gain a better understanding of the impact 
of trade in intermediate goods on the environment, it is important to take the level of 
economic development into account. This will enable the researcher to compare the 
experiences of the developed and developing countries and answer the third research question 
that asks, ‘Is the relationship between trade in intermediate goods and the environment 
affected by the level of economic development?’ To answer this question, the following 
hypothesis will also be tested: 
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Hypothesis 6: The link between trade in intermediate goods and pollution varies across the 
levels of economic development. 
As will be presented in Chapter 5, in general, the rate of growth in trade in 
intermediate goods in developing countries in East Asia is higher than their developed 
country counterparts. At the same time, environmental degradation seems more serious in 
developing countries. While, the answers to research questions 1 and 2 help to identify the 
nature of the relationship between trade in intermediate goods and pollution, hypothesis 6 
focuses on the level of economic development and thus test for the differences between 
developed and developing countries. 
 East Asia is a good case study region because it includes countries that are at 
different stages of economic development. Though countries in this area may be 
geographically close to each other and may also have similar cultures, the levels of economic 
development vary considerably. Other details concerning country grouping, data and 
estimation will be discussed in the next chapter. 
 
4.3 Chapter summary 
The chapter presents the research rationale and specific hypotheses to be tested. The 
literature reviewed in Chapter 2 as well as the theoretical framework presented in Chapter 3 
revealed the connection between an increase in fragmentation induced-trade in intermediate 
goods and changes in pollution. The theoretical analysis needs be tested using empirical data. 
Three empirical research questions related to the trade-environment issues of East Asia will 
be answered by testing the multiple hypotheses presented in this chapter. 
Chapter 5 deals with data and methodologies that will be used in the empirical 
investigation. Empirical studies will be conducted to test the hypotheses discussed in this 
chapter. Testing the hypotheses is crucial to answering the research questions posed in this 
chapter. The results of the empirical study will be presented in chapters 6 and 7. 
  
68 
 
Chapter 5 Data and Methodologies 
 
5.1 Chapter introduction 
In chapter 4, testable hypotheses were formulated from the empirical research 
questions. These hypotheses will be tested using data from East Asia. The purpose of this 
chapter is to discuss data sources and methodologies that will be used for econometric 
analysis.  East Asia was chosen as the region for a case study for two reasons.  First, the 
proportion of trade in intermediate goods in East Asian region is higher relative to other areas 
of the world. Furthermore, the growth rate of trade in intermediate goods in East Asia is also 
higher than other regions.  The second reason for selecting East Asia is that this region is 
facing serious environmental issues, such as hazardous-level of air pollution in China in 
recent years.  
This chapter opens with a discussion of the scope and measurement of trade in 
intermediate goods. Since the East Asian region includes a number of countries and this 
thesis uses data that spans several years, panel data analysis techniques are most appropriate. 
The statistical techniques used in this thesis are also discussed in detail in this chapter. 
 
5.2 Data and data cleaning 
As discussed in Chapter 2, I-O analysis and trade flow analysis are the most widely 
used approaches of measuring trade in intermediate goods. As this thesis examines the flow 
of products, and how this flow impacts the environment, a trade flow analysis is adopted. 
Classification by Broad Economic Categories (BEC) is used to identify the purpose of trade 
and the United Nations (UN) Comtrade database is the major data resource for this. The level 
of pollution emission is used as a proxy to measure the aggregate level of a country’s 
environmental quality  
5.2.1 Trade classification and trade data  
Using the traditional measure of trade flow analysis, the measurement of total trade is 
a straight forward task. However, unlike final goods which are almost used for consumption 
only, in the case of the intermediate goods, there is some ambiguity as intermediate goods are 
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mainly used for further production. The measurement of trade in intermediate goods is 
therefore not a trivial task. As indicated earlier, trade flow analysis and an I-O approach can 
be used to measure the trade of intermediate goods. Trade flow analysis is based on the trade 
data available on products according to alternative classification systems, focusing on the 
flow of products. For example, in the year 2000, Indonesia imported 64,825 thousand US 
dollars-worth of Organic Chemicals products (51 SITC Rev.3) from China. In contrast, the 
International I-O approach places special emphasis on the flow of value across borders.   For 
example, in 2000, the Paddy sector (001 in 24-sector classification) in Indonesia used 12,281 
thousand US dollars of Chemical products (012 in 24-sectors classification) which is 
exported from China. The I-O approach focuses on the flow of value, regardless of the flow 
of products. Though trade flow analysis makes use of monetary value to measure the trans-
boundary flow of products, it emphasises the entities rather than value itself. Because this 
thesis explores the relationship between trade and the environment, the focus here will be on 
the flow of goods rather than on the value. For these reasons, trade flow analysis approach is 
adopted in this research. 
Standard International Trade Classification (SITC) is one of the most widely used 
classification systems in international trade statistics. Goods are classified into 0-9 sections in 
the SITC system. They are 0-Food and live animals, 1-Beverages and tobacco, 2-Crude 
materials, inedible, except fuels, 3-Mineral fuels, lubricants and related materials, 4- Animal 
and vegetable oils, fats and waxes, 5-Chemicals and related products, 6-Manufactured goods 
classified chiefly by material, 7-Machinery and transport equipment, 8-Miscellaneous 
manufactured articles, and 9-Commodities and transactions not classified elsewhere in the 
SITC.16  Classifications starting with 0 to 4 involve primary goods, while classifications 
starting with 5 to 9 involve manufactured goods. The ten highly-aggregated classifications 
are followed by detailed sub-classifications. The latest SITC Rev. 4 was accepted by the 
United Nations Statistical Commission in 2006, while the most used revision now is SITC 
Rev.3. In this thesis, SITC Rev.3 classification is adopted when SITC is referred to, unless 
otherwise indicated. 
In this thesis, classification by BEC is used to distinguish trade in intermediate goods 
from trade in final goods.17 The BEC, which is not an independent classification system 
                                                 
16See, United Nations Statistic Division, http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=14 
 
17 The latest version of BEC is revised by United Nations Department of Economic and Social Affairs 
70 
 
involving international trade, is based on SITC and data grouped by end-use in the System of 
National Accounts (SNA). In addition to goods that cannot be classified, SNA classifications 
include three categories: intermediate goods, consumption goods, and capital goods. BEC 
product groups are shown in Table 5.1. 
Trade data are collected from the UN Comtrade database. UN Comtrade database 
reports the trade data of countries at the industrial level. For each individual country included 
in the UN Comtrade database, besides the aggregate trade with the rest of the world, country-
country pairwise trade data are also reported. The intermediate goods categories included in 
this thesis as shown in Table 5.1 are 111, 121, 21, 22, 31, 322, 42, 53. While there is some 
underestimation of trade in intermediate goods as the classification system includes the 
category of ‘Not Classified’, this underestimation is negligible since the share of ‘Not 
Classified’ in total trade is small.  
Table 5.1  Broad Economic Categories (BEC)  
 
Level 1 
 
Level 2 
 
Level 3 
Classification 
1 - Food and beverages 
11 – 
Primary 
111 - Mainly for industry Intermediate 
goods 
112 - Mainly for household 
consumption 
Consumption 
goods 
12 - 
Processed 
121 - Mainly for industry Intermediate 
goods 
122 - Mainly for household 
consumption 
Consumption 
goods 
2 - Industrial supplies not elsewhere specified 
21 - Primary Intermediate 
goods 
22 - Processed Intermediate 
goods 
3 - Fuels and lubricants 
31 - Primary Intermediate 
goods 
32 - 
Processed 
321 - Motor spirit Not classified 
322 - Other Intermediate 
goods 
4 - Capital goods (except transport equipment), 
and parts and accessories thereof 
41 - Capital goods (except transport 
equipment) 
 Capital goods 
42 - Parts and accessories Intermediate 
goods 
5 - Transport equipment and parts and 51 - Passenger motor cars Not classified 
                                                                                                                                                        
Statistics Division in 2011. 
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accessories thereof 
52 - Other 
521 - Industrial Capital goods 
522 - Non-industrial Consumption 
goods 
53 - Parts and accessories Intermediate 
goods 
6 - Consumer goods not elsewhere specified 
61 - Durable Consumption 
goods 
62 - Semi-durable Consumption 
goods 
63 - Non-durable Consumption 
goods 
7 - Goods not elsewhere specified Not classified 
Source: Adapted from United Nations Statistical Database. 
The statistical analysis presented in this thesis is based on data collected from 1998 to 
2010. The dataset covers major North East Asian countries including China, Japan, and 
Korea as well as major ASEAN countries including Indonesia, Malaysia, Philippine, 
Singapore, Thailand, and Vietnam.18 Besides major East Asian economies, the main trading 
partners such as the US, EU, India and Australia, are also included in this study. While the 
thesis focuses on East Asia, other countries are considered for two reasons. Firstly, it is 
important to compare the change in the structure of trade (i.e., increase in trade involving 
intermediate goods) between East Asian countries with their major trading partners; secondly, 
it is important to extend the sample as a larger sample size enables an examination of how the 
level of economic development affects the link between trade in intermediate goods and 
environmental quality. In order to address this issue, data from East Asia and other 
economies are merged and grouped into developed and developing countries. The 
classification criteria (i.e., the developed versus developing countries) is borrowed from the 
definition of World Bank on high income countries. Specifically, gross national product 
(GNP) per capita higher than USD 12,616 in 2012 is used as a cut-off point between 
developed and developing countries. This classification is presented in Table 5.2. As 
indicated in Table 5.2, the East Asian region includes both developed and developing 
countries.  
Table 5.2  Country classification 
Group 1: 
East Asia 
Group 2: 
Developed 
Group 3: 
Developing 
                                                 
18 Other countries in the ASEAN region, such as Laos, Cambodia, Burma, are not included in this research because data for 
the entire sample period is unavailable. Additionally, the trade volume of these countries is very small. 
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China Japan China 
Japan Korea India 
Korea Singapore Indonesia 
Indonesia USA Malaysia 
Malaysia Australia Thailand 
Thailand Euro area Vietnam 
Singapore 
 
Philippines 
Vietnam 
  Philippines 
  Classification: GNP per capita USD 12,616 in 2012 
 
5.2.2 Data cleaning and variable construction 
The empirical analysis presented in this thesis is based on analysis of the current value 
as well as constant value data. The choice of data in current values versus constant values 
depends on the nature of statistical evaluation. As will be explained later in this chapter, EKC 
theory involves the relationships among variables in real values (such as measures of trade, 
economic development, which is measured by GDP per capita) and therefore variables will 
be measured in constant values. However, given that trade gravity model is based on nominal 
expenditures (WTO, 2011), the current value of variables is preferred. Current values, where 
necessary, are converted into real values using 2005 GDP deflator available from the World 
Bank. 
Trade data of an individual country used in this thesis includes: (i) country pairwise 
data and (ii) country to the rest of world trade data. The country pairwise data measures the 
trade value between two specific countries, such as trade in intermediate goods between 
China and Japan, while the country-world data measures a country’s trade in intermediate 
goods to the rest of the world. Country pairwise data reflects the connection and differences 
between two individual countries. On the other hand, the country-world data focuses on the 
features of a specific country. The choice of the data of course depends on the purpose of 
statistical analysis.   
Additionally, logarithmic forms of variables are adopted in the estimation for three 
reasons: (i) rather than absolute effect, elasticity among variables deserve more attention; (ii) 
the sample includes very small and very large countries and logarithmic form reduces the 
difference of variables in term of scales; (iii) since the sample covers large and small 
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countries, heteroskedasticity may exist. The use of the logarithmic form can reduce the 
severity of potential heteroskedasticity.  
The preliminary analysis includes the development of trade in intermediate goods in 
the major economies of East Asia and these are presented in Appendix A. The preliminary 
analysis presented in Appendix A reveals some interesting points. The first point is that most 
countries in East Asia and the rest of the world have experienced a growth in trade, in which 
the proportion of trade in intermediates goods has increased. The second point is that, 
compared to developed countries, developing countries have higher share of intermediate 
products traded in total trade. The third point worth noting is that trade in intermediate goods 
has grown faster in developing countries compared to developed countries. 
In addition to the share in aggregate trade of intermediate goods, the geographic 
structure of the trading partner is also relevant. Appendix B shows the country-pair trade in 
intermediate goods of East Asia countries as well as their major trading partners. The partner-
structure has changed for most of the economies in East Asia as well as the major global 
economies. One trend is that the vertically-related trade has diversified around the world, that 
is, the emerging economies have engaged more in world trade than have been the case 
previously. Another trend worth noticing is China’s performance in trade is accompanied by 
its development in international fragmentation.19  
 5.2.3 Environment quality and pollution in East Asia 
This section discusses the measurement of environmental quality and pollution. 
Environmental problem is a broad topic and covers a wide range of issues, including climate 
change, energy consumption, emission of harmful gasses, and pollution. Antle and 
Heidebrink (1995) suggested that environmental quality is a multidimensional concept, which 
has a direct bearing on human standards of living and on ecological conditions alike. In their 
research on the environment and development, total area of parks and protected areas, 
average annual deforestation rate, total area of country, and total forest area, were used as 
alternative indicators of demand for environmental quality. 
Pollution emission, as a ‘negative measure’ of environmental quality, is more 
commonly used in research on economic development and environment. Using 2SO  
concentration data collected by GEMS, Antweiler, Copeland and Taylor (2001) found that 
                                                 
19 The details regarding to structure of trading partners, please refer to Appendix B. 
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the impact of trade on pollution concentration is small given that trade alters the composition 
of national output. 2CO , which is a major pollutant causing global climate change, has also 
been used as a measure of pollution in the existing literature. Esteve and Tamarit (2012) 
tested the EKC hypothesis by making use of the per-capita 2CO  and per-capita income of 
Spain from 1857 to 2007. Other studies including Halicioglu (2009) have considered similar 
issues. 
Another approach used and demonstrated in the literature with regard to 
environmental quality is the estimation of the Composite Environmental Index (CEI)20. As 
compared to some direct indicators of environmental quality, CEI provides relatively less 
specific information on the environmental status of a country. However, the direct measures 
of environmental quality, such as the data on pollution, allow an examination of the link 
between environmental quality and other factors. This research identifies the determinants of 
environmental quality and therefore the direct measures are very useful. Therefore, in this 
research, emission data, rather than the CEI, is used. 
The environmental data used in this study are country-level 2CO  emission. 2CO  is 
one of the primary greenhouse gases which leads to global climate change. Based on the 
United States Environmental Protection Agency (EPA) report published in 2011, 
2CO  accounts for about 84% of all U.S. greenhouse gas emissions from human 
activities. The main human activity that emits 2CO  is the combustion of fossil fuels (coal, 
natural gas, and oil) for energy and transportation, although certain industrial processes and 
land-use changes also emit 2CO .
21  The data are collected from World Data Bank maintained 
by World Bank.  
The environmental issues in East Asia briefly presented in Appendix C provide an 
overview of how environmental change can affect economic development of East Asia as 
environmental degradation is an increasing concern in all regions including East Asia. The 
next section outlines the methodology used.  
 
                                                 
20 The details regarding to CEI, please see Chapter 2. 
21 US EPA, 2012, http://www.epa.gov/climatechange/ghgemissions/gases/co2.html 
75 
 
5.3 Methodologies and estimation strategies 
In order to investigate the implications of fragmentation induced-trade in intermediate 
goods on the environment, a general equilibrium model involving international production 
fragmentation is developed in Chapter 3. In Chapter 4, testable hypotheses are presented, that 
will test the theoretical results and answer the empirical research questions. The hypotheses 
will then be tested by means of an augmented EKC model and extended gravity model. The 
EKC model is used to test the hypotheses concerning the first research question. The second 
research question will be answered using an extended trade gravity model. The hypothesis 
concerning research question 3 will be tested by both an augmented EKC model and the 
extended trade gravity model which are explained in the following sections.  
5.3.1 EKC model: estimation of trade’s impacts on pollution 
The EKC model provides a theoretical link between economic development and 
pollution. In the framework of the EKC model, the determinants of pollution are studied in 
conjunction with economic development. This section begins with a brief introduction to the 
testing of an EKC hypothesis, then the augmented EKC model. 
5.3.1.1 Brief introduction to the EKC framework 
The Environmental Kuznets Curve (EKC) is one of the most commonly used 
frameworks for the study of the link between economic development and environmental 
quality. The EKC hypothesis suggests that environment standards set by the government, in 
the early stages of development when income is low, are relatively lax and hence pollution 
increases with growth in income. As income continues to increase, the priority of policy 
makers shifts from income growth to environmental quality and once the income level has 
reached a critical threshold, policy makers take steps to ensure that as income increases there 
is a decrease in pollution. 
 Dinda (2004) provided a very detailed and interesting historical background as well 
as the theoretical basis for the EKC hypothesis. Dinda highlighted five aspects of the EKC 
hypothesis, where international trade is one the most important. A number of empirical 
studies are based on EKC model. The model is useful in exploring the link between pollution 
and trade in final goods. However, the turning points of the EKC vary considerably across 
countries and through time. Farhani, Shahbaz and Arouri (2013), among others, have used an 
EKC framework to examine the determinants of pollution. In addition to income, other 
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factors such as trade, energy consumption and urbanization are taken into account. They 
found that in the case of major economies of the Middle East and North Africa (MENA), 
energy consumption, GDP and trade have a positive impact on pollution and this effect is 
strengthened by urbanization. Other related studies that have utilised the EKC model include 
He and Richard (2010), Carson (2010), and Nasir and Ur Rehman (2011). 
Another explanation for the link between economic development and environmental 
change stems from the concern that the developed economies may experience a second round 
of increase in pollution due to their excessive consumption (Todaro, 1997; De Groot 
Withagen and Minliang, 2004). The EKC based empirical model is also used to test the 
hypothesis of a turning point and the possible second turning point between income and 
pollution (Shafik, 1994; Cole, 2004; De Groot, Withagen and Minliang, 2004). There are 
three basic models (linear, quadratic and cubic) that deal with the relationship between 
income and indicators of environmental quality as measured by pollution. 
5.3.1.2 Hypotheses tests using the augmented EKC Model  
The EKC approach focuses on the link between pollution and GDP. However, other 
factors such as trade and trade openness can also affect the relationship between pollution and 
economic development. In order to answer the first research question, a modified EKC model 
is used in which trade in intermediate goods is used as an additional determinant of pollution; 
the further specification of the relationship between pollution and GDP being non-linear is 
also added.  
In this thesis, the role of international production fragmentation in environmental 
change is estimated using data of total trade, trade in intermediate goods, total imports, total 
exports, intermediates imports, intermediates exports. As the thesis focuses on the impact of 
trade on the environment in a specific region, the EKC based model will be estimated by 
using panel data analysis. The empirical model that will be used to answer research questions 
1 and 3 is as follows:  
2 3
1 2 3 4it i it it it it t itPollution f income income income trade                      (5.1) 
where coefficients   represent the common effects of determinants cross sections, itincome  
is the income per capita of country i  in year t  , ittrade  is the measure of different types of 
trade, while if   represents the individual effects of countries and t  captures the year effect. 
Equation (5.1) represents the augmented EKC hypothesis. This equation will be estimated by 
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a fixed effects (FE) model and a random effects (RE) model22. Countries are set as panel. 
Data used in augmented EKC model are country-level data where constant-value trade 
measures the trade of an individual country with the rest of the world; other variables are the 
constant values of the countries in study. 
Hypothesis 1 will test the impact of trade in intermediate goods on the environment 
by setting the variable ittrade  to trade in intermediate goods of country i  in year t . The 
impact of ittrade will be estimated by considering exports, imports and aggregate trade in 
intermediate goods, respectively, which will test hypothesis 3. By changing the focus to total 
trade from trade in intermediate goods, hypothesis 2 will be empirically studied.  
In order to answer the third research question regarding the level of economic 
development in the link between trade in intermediate goods and pollution, estimations will 
be grouped into East Asia, developed countries, and developing countries, respectively. The 
inclusion of developed and developing countries from outside of the East Asian region allows 
a meaningful comparison. The third research question concerning the role of economic 
development in the relationship between trade and pollution will be further clarified by an 
extended gravity model; this is discussed in the next section. 
 
5.3.2 Pollution and the trade gravity model 
As to the role of environmental input, specifically the level of pollution in 
determining the performance of trade, a trade gravity equation will be adopted in the tests.   
 
5.3.2.1 A brief introduction to the trade gravity model 
The causes of international trade have been debated for many years (Krugman, 1991; 
Deardorff, 1998; Limao and Venables, 2001; Novy, 2013). In recent decades, a number of 
studies have focused on the impacts of environmental factors on international trade (Suri and 
Chapman, 1998; Cole, 2003, 2004; Lehmijoki and Palokangas, 2010).  
Trade gravity model has been used widely in investigating the determinants of trade. 
The idea of the trade gravity model is based on Newton’s universal law of gravitation, i.e., 
                                                 
22 In this thesis, unless otherwise stated, FE models are estimated by Generalized least square (GLS) and Standard Error 
(S.E.) reported in results refers to conventional S.E. 
78 
 
the gravity between two bodies is proportional to their masses and negatively related to the 
square of their distance as follows: 
1 2
2
m m
F G
r

 
where G  is gravity parameter, m  is the mass of object, r  is distance between the two bodies, 
and F  is the gravity. 
Tinbergen (1962), in his seminal study concerning trade gravity, suggested that the 
trade volume between two economies is proportional to the scale of each economy but 
negatively related to their distance from each other. While the early studies using the trade 
gravity model were found to be useful in explaining the trade flows in different contexts 
(Linnemann, 1966; Aitken, 1973; Bergstrand, 1985), the framework was criticized for its lack 
of a theoretical foundation. Since then, a number of studies have attempted to explain the 
trade gravity model in alternative theoretical frameworks. For example, by borrowing the 
idea from a monopolistic competition model, Bergstrand (1989) explained the trade gravity 
model in a general equilibrium context. Deardorff (1998) explained the gravity model by 
appealing to factor endowments. Other studies that have attempted to provide theoretical 
foundations for the gravity model include Feenstra and Markusen and Rose (2001), Baldwin 
and Harrigan (2007). 
While the earlier studies mainly utilised highly aggregated country level data, in 
recent decades, firm/industry level studies have utilised the gravity model to investigate the 
determinants of trade in specific industries and/or products. For example, Li, Song, and Zhao 
(2007), by making use of an adjusted gravity model, investigated the determinants of China’s 
trade in components. In their study, which is based on data from 1992 to 2005, trade in parts 
and components was defined as trade in 219 kinds of products from UN SITC-7 and SITC-8 
classification. This study took in to account 25 of China’s major trading partners. Based on 
the comparative advantage theory involving production fragmentation and making use of the 
characteristics of the Chinese economy, the average GDP, distance from trading partners, 
wages, FDI and level of usage of telephone are used as the independent variables in a trade 
gravity model setting. The empirical results suggested that China’s development and FDI 
have a positive impact on its component trade, while the spatial distance and transportation 
costs have a negative impact. Using a trade gravity model, Egger and Egger (2005) 
investigated the determinants of EU12 bilateral processing trade. Egger and Egger 
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categorised the factors that could explain the rapid rise of international outsourcing into four 
factor groups.  These factor groups were the size of economies, relative factor endowments, 
other cost factors and infrastructure variables. These determinants were then empirically 
evaluated. Using a panel regression approach, Egger and Egger found that these four 
determinant groups play an important role in intra and extra-processing trade in EU 12 
countries.23 
Some recent studies that aim to provide a theoretical foundation of the trade gravity 
model have argued that though the bilateral physical distance is a commonly used measure of 
trade barriers, it neglects other trading partners in the system. In other words, ‘relative trade 
cost’ is as critical as ‘absolute trade cost’ in determining the trade volume between two 
countries. Following this line of argument, Anderson and van Wincoop (2003) defined 
‘remoteness of region i   ’ as the weighted sum of the distance of region i   from all trading 
partners rather than j  . Remoteness is one measure of the so-called ‘multilateral trade 
resistance (MTR)’ that has significant impact on trade between two countries. Using the 
MTR, a Gravity model could be written as follows                           
 1 2 3ln( ) ln( ) ln( ) ln( )ij i j ij i j ijx Y Y dist MTR MTR                             (5.2) 
where ijx  is the bilateral trade between country i  and country j , Y  is the size of economy; 
ijdist   represents the trade cost between country i   and country j  , while iMTR   and jMTR , 
respectively, capture the remoteness of two countries from other trading partners 
The gravity equation specified in equation (5.2) has been used in a number of 
empirical studies. For example, see Rose and van Vincoop (2001), Anderson and van 
Vincoop (2003) and Baldwin and Taglioni (2006).  
While MTR provides a solid theoretical basis for the trade gravity models, it is very 
hard to actually measure MTR. Iteration approach has been used to estimate the price-raising 
effects of barriers to multilateral trade (Anderson and van Wincoop, 2003). An alternative 
and relatively simple approach involves using dummy variables that capture the features of 
individual country or country pairs. This thesis deals with East Asia and hence a country-pair 
dummy variable will be used. The empirical model will be specified in section 5.3.2.2. 
 
                                                 
23 EU12 countries includes members of the European Union, such as Belgium, Denmark, France, Germany, Greece, Ireland, 
Italy, Luxembourg, the Netherlands, Portugal, Spain and United Kingdom. 
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5.3.2.2 Hypotheses testing using the trade gravity model 
In order to answer research question 2, which deals with the impact of pollution on a 
country’s performance in trade, an extended trade gravity model is used. This involves 
adjusting the basic gravity model to include environmental factors. The extended trade 
gravity model will allow an examination of the impact of pollution on trade in intermediate 
goods as well as on total goods. In order to ensure the robustness of the empirical results, 
three different estimation techniques will be used. These techniques are OLS, panel 
estimation and dynamic panel estimation. The empirical analysis will be based on different 
assumptions regarding the trade barriers and MTR. 
 
OLS estimation 
The estimation starts with stating the assumption that MTR is only related to the 
characteristics of individual countries. This allows for a focus on individual-country effects. 
The baseline empirical model is based on the following relationship. 
 ( , , , , , , , )k
ijt it jt t ij ijt i j t
Trade f GDP GDP pollution barriers barriers I I year

                    (5.3)   
where  k
ijt
Trade  indicates trade type k (for example, imports, exports, etc.) between country i  
and j  in year t , itGDP   and jtGDP  measures the economic mass of country i   and its trading 
partner country j  in year t  . From the literature about trade gravity model, control variables 
that capture the trade barrier can be grouped into two types: constant trade barrier factors and 
time-varying trading barrier factors. ijbarrier  measures the constant trade barriers such as 
common language, common border, distance, between country i   and its trading partner 
country j  ; and ijtbarrier  measures the time-varying trade barrier such as telephone 
penetration, which indicates the convenience of communication. Dummy variables iI  and jI  
capture the country-individual effects besides economic mass and environmental factor and 
tyear  captures the overall time effect which is not country-specific.  
The time-varying country-individual effects are not included in the above empirical 
model because the data only spans thirteen years and the individual country characteristics do 
not exhibit significant variation over such a short period of time. Superscript k  represents 
different measures of trade, including imports of intermediate products, exports of 
intermediate products, total trade in intermediate products, total imports, total exports and 
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total trade. The variable
t
pollution

is a measure of pollution; when superscript k  refers to 
exports, 
t
pollution

represents the pollution level in country i , i.e.. whereas when superscript k
refers to imports, 
t
pollution

indicates pollution level of the trading partner j , i.e., 
jt
pollution . 
 
Panel estimation 
After estimating the empirical model by OLS, while taking country-pair effect into 
account, a panel data approach will be utilised. Accordingly, the model specification is 
modified as  
                        
, _ , _ , , ,
_ _
( , , , ,
                  , , , )
k
p t p country t p partner t t p p t
p country p partner p t
Trade f GDP GDP pollution barriers barriers
I I year



                              (5.4) 
where subscript p  represents country-pair identification, 
p
  is the constant unobserved 
country-pair effect. 
 The empirical specification presented in equation (5.4) is based on the assumption 
that MTR is related to country-pair characters. This allows for a focus on the country-pair 
effect by introducing country-pair dummy variable p  . The constant trade barriers between a 
country-pair are therefore absorbed by the country-pair dummy variable p . 
At this stage a few points need further clarification. The first point that requires some 
clarification is the measurement of variables used in a gravity model. Economic analysis is 
normally based on variables measured in constant price. This strategy eliminates the impact 
of inflation. However, gravity models involve an expenditure function that allocates nominal 
GDP into nominal imports and hence, the use of deflators to remove the effect of inflation 
creates biases via spurious correlations. In order to avoid the inappropriate deflation, which is 
sometimes referred to as the ‘Bronze medal mistake’, the current values of variables such as 
the GDP and trade, are used in trade gravity models (see WTO, 2012).  
The second point requiring clarification relates to the assumption made by panel data 
analysis, that country-pair variable 
p
 captures the characteristics of a country pair that does 
not change with time. However, it is not clear whether this is related to other time-varying 
variables. If the unobserved country-pair effect is related to other time-varying variables, FE 
estimation is more appropriate, if not, RE estimation should be used. In this thesis, the 
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empirical models will be estimated using both FE and RE methodologies. Hausman test 
(Hausman, 1978) will be used to identify the appropriate estimation technique. 
Additionally, in order to test the hypothesis with regard to the possible impact of the 
level of economic development on trade-environment relationship and answer research 
question 3, the empirical model will also be estimated separately for each of the three country 
groups (i.e., East Asia, developed countries, and developing countries). 
 
Dynamic panel estimation  
Though panel estimations based on RE and FE are useful in investigating the impact 
of pollution on trade in intermediate goods, it is sometimes criticized for the potential 
endogeneity problem. For instance, it is important to allow for the possibility that the level of 
pollution is affected by historical trade performance (this is actually the hypothesis tested by 
the EKC specification).It can thus be argued that in research question 1, pollution which is 
assumed to be pre-determined is actually not exogenous. Another concern in using the 
empirical model as specified in equation (5.3) and (5.4) is possibly suffered from model 
misspecification. Some important factors are ignored as data on all independent variables is 
not available and furthermore, it may not be possible to measure some variables. 
In order to check the robustness of the panel estimation of the gravity model and fix 
the potential endogeneity and any omitted variable problems, a dynamic panel data (DPD) 
methodology will be used. This approach involves treating the lagged dependent variable as a 
proxy for omitted variables (Wooldridge, 2012). However, it is accepted that in the presence 
of lagged dependent variables, an OLS estimate leads to seriously biased estimates because 
the lagged dependent variable is significantly correlated with the individual specific effects 
(Arellano and Bond, 1991). The bias and inconsistency in fixed and random effects models, 
even under GLS estimation, creates problems for panel data analysis, especially when there is 
a dynamic effect, as measured by the lagged dependent variable (Pesaran and Smith, 1995; 
Pesaran, Shin and Smith, 1999; Baltagi and Griffin, 1997).  
In order to address the issues discussed above, especially problems arising from 
endogeneity and omitted variables, the Generalized Method of Moments (GMM) technique is 
an alternative method. The merits of this estimation technique are three-fold: (i) the dynamic 
effect of historical trade performance is taken into account, which is an appropriate proxy for 
omitted variables; (ii) endogeneity is reduced to some extent; and (iii) this technique results 
in consistent estimators.  
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The difference and the system GMM are two popular methods that are used to analyse 
panel data in dynamic setting. The former was proposed by Arellano and Bond (1991) and 
the later by Arellano and Bover (1995) and fully developed by Blundell and Bond (1998). 
Strictly speaking, the latter technique is an augment form of the former. When a dynamic 
model is estimated by an OLS-based technique, the estimated coefficients may be biased 
upwards and inconsistent. This occurs when the lagged variables are correlated with the error 
term. In such a situation, the GMM technique can be used. In difference GMM estimation, 
the variables in difference form are estimated. This strategy sweeps out the unit specific 
effect when suitable lags of the level of endogenous variables are introduced into the 
estimation as instruments.  
However, the difference GMM (Arellano and Bond, 1991) is found to have poor finite 
properties for small sample sizes. In addition, the estimated results are biased downwards, 
especially when the time period is small. In order to address this issue, Arellano and Bover 
(1995) and Blundell and Bond (1998) proposed the system GMM estimation technique. 
System GMM approach utilizes additional moment conditions by making use of lagged 
difference as instrument as well as lagged level of endogenous variables. This involves 
estimation of a system of two simultaneous equations. One equation is estimated in levels 
where the lagged first differences are used as instruments and the other equation is estimated 
in first differences where lagged levels are used as instruments (Presbitero, 2008). The weak 
instrument problem associated with the use of lagged level variables arising from the random 
walk properties of the variables is mitigated by system GMM.  
In order to test the robustness of the empirical results, the empirical models will be 
estimated by both difference and system GMM estimation techniques. Both one and two-step 
GMM estimators (Baum, 2006) will be used. While the one-step results are consistent, its 
estimator is efficient only if the errors are homoscedastic and not correlated over time. The 
two-step estimator is efficient under more general conditions including under 
heteroscedasticity. However, for small samples (i.e., small number of individual countries in 
our context) the estimated standard errors of the two-step GMM estimator tend to be too 
small.  
  
5.4 Chapter summary 
This chapter discussed the data and methodologies used for empirical analysis. The 
data used are principally collected from the UN Comtrade dataset and World Databank. In 
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order to isolate the trade in intermediate goods from total trade, a BEC classification is used. 
In addition, different types of trade, the directions of trade, i.e., imports and exports are also 
taken into account. Additionally, discussion included the country grouping which will be 
used to test the impact of the level of economic development on the relationship between 
trade in intermediate goods and pollution. In this thesis, country level 2CO  emission is used 
to measure pollution. 
Since the data sample covers a number of countries over several years (i.e., 1998 to 
2010), panel data analysis is the main methodology. In order to test the hypotheses and to 
answer the research questions, an augmented EKC model and an extended trade gravity 
model are specified and explained. The empirical results are presented and discussed in the 
next chapter. These results will enable the hypotheses that were developed in previous 
chapters to be tested and to answer the three empirical research questions. 
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Chapter 6 Impact of Trade in Intermediate Goods on Pollution  
 
6.1 Chapter introduction 
This chapter focuses on the impact of trade in intermediate goods on 2CO  pollution, 
addressing empirical research question 1. Initially, an in-depth analysis of the case of East 
Asia is provided. Hypothesis 1, i.e., intermediate goods trade affects the level of pollution, 
will be tested by investigating the presence of a statistically significant relationship between 
trade in intermediate goods and pollution in East Asia. Hypothesis 2, i.e., the impact of trade 
in intermediate goods on pollution is different from the impact of total trade, will be tested by 
comparing the results of models that include trade in intermediate goods and total trade 
separately. Special attention is given to the direction of the estimated relationship between (a) 
intermediate goods trade and pollution and (b) total trade and pollution and its statistical 
significance. In order to test whether or not the relationship between trade in intermediate 
goods and pollution varies across measures of trade, i.e., volume of imports, volume of 
exports and aggregate trade, which is the main focus of hypothesis 3. The empirical 
estimation will be conducted separately using each of the three measures of trade. 
Towards the end of the chapter, an extended sample is used to separately examine the 
impact of intermediate goods trade on pollution in developed and developing countries. This 
allows research question 3 to be answered, i.e., is the relationship between trade in 
intermediate goods and the environment affected by the level of economic development. This 
research question will be answered by testing hypothesis 6, i.e., the link between trade in 
intermediate goods and pollution varies across the level of economic development. As 
indicated in Chapter 5, the sample used in this thesis is expanded to include some major 
world economies. The expanded sample is then grouped into developed and developing 
countries and the level of economic development is measured by GDP per capita. In other 
words, the augmented Environmental Kuznets Curve (EKC) model is first estimated for East 
Asia and then by using the extended sample, for developed and developing-country groups.  
The empirical analysis presented in this chapter is based on an augmented EKC model. 
The augmented EKC model represents a relationship between GDP and pollution, 
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considering trade in intermediate goods. This relationship can be (i) linear in GDP, (ii) 
quadratic in GDP or (iii) cubic in GDP.24 The quadratic relationship can take the form of an 
inverted U-shape, whereas a cubic relationship represents a wave-like relationship between 
economic development and pollution. Therefore, in order to examine the impact of trade on 
pollution, this chapter introduces trade as an additional variable in each of the three EKC 
specifications (i.e., linear, quadratic and cubic). Furthermore, trade can be measured in at 
least three ways: the volume of exports, the volume of imports and the aggregate trade (i.e., 
exports plus imports). Accordingly, each of the three EKC specifications is estimated 
separately using exports, imports and aggregate trade as measures of trade in intermediate 
goods. The focus on country groups makes panel regression the most appropriate empirical 
methodology.  
The estimated results of East Asia are presented and discussed from section 6.2 to 
section 6.4. The estimated results for developed and developing country groups are presented 
and compared in sections 6.5 and 6.6. Section 6.7 draws a conclusion. 
 
6.2 Impact of intermediate goods imports on pollution in East Asia 
Data and estimation strategies are discussed in Chapter 5 above. The only further 
notable point is, given that this thesis focuses on East Asia and the comparison study involves 
developed and developing country groups, the sample (i.e., the countries considered) used in 
this thesis is non-random (Wooldridge, 2012). It remains unclear however, whether or not the 
individual effects are uncorrelated with the explanatory variables. In order to choose between 
the fixed effects (FE) and random effects (RE) estimation, the Hausman test (Hausman, 1978) 
will be used. Hausman test is based on the hypothesis that the coefficients of the estimated 
FE and RE estimators do not differ in a systematic way. If the null hypothesis is not rejected, 
RE estimators are preferred because, under the random effects assumption, the RE estimators 
are consistent and efficient; otherwise FE estimators are preferred. Within the context of the 
empirical analysis, in most cases the results of Hausman test suggest that RE estimation is 
relatively more appropriate.  In most cases, FE and RE estimations report similar results in 
                                                 
 
24 The quadratic specification within the context of this thesis means that both GDP and the square of GDP appear as 
explanatory variables in EKC equation, while cubic specification means that GDP, square of GDP and cube of GDP appear 
as explanatory variables in EKC equation. 
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terms of the direction of the impact. However, for completeness, the results of both FE and 
RE estimations are presented in this section.   
The empirical results concerning the impact of intermediate goods imports on 
pollution in East Asia are presented in Table 6.1. These results suggest that the import of 
intermediate goods has a negative but statistically insignificant impact on pollution in East 
Asia. This result holds across all three EKC specifications (i.e., linear in GDP, quadratic in 
GDP and cubic in GDP). While this chapter focuses on the impact of intermediate goods 
trade on pollution, Table 6.1 also reports the impact of total imports (i.e., intermediate goods 
plus non-intermediate goods imports) on pollution in East Asia. The impact of total imports 
on pollution in East Asia is negative but statistically insignificant. This result is not surprising 
as the imported goods are produced in foreign countries and hence their production does not 
lead to a direct increase in pollution in importing countries 
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Table 6.1  Impact of imports on the pollution of East Asia 
Independent 
Variables 
Dependent Variable: CO2 emission 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 
0.603* 0.233 0.601* 0.188 1.733* 1.758** 1.626* 1.668* 5.445 -0.100 4.084 -0.483 
(0.308) (0.259) (0.324) (0.268) (0.886) (0.883) (0.881) (0.875) (7.927) (8.970) (7.809) (8.729) 
GDP2 
 
   
-0.185 -0.234* -0.172 -0.230* -1.218 0.192 -0.858 0.286 
    
(0.136) (0.128) (0.138) (0.128) (2.197) (2.486) (2.169) (2.424) 
GDP3        
0.0949 -0.0384 0.0630 -0.0472 
        
(0.201) (0.227) (0.199) (0.222) 
Intermediate 
good  
import 
-0.171 -0.0776 
  
-0.164 -0.0855 
  
-0.180 0.0406 
  
(0.142) (0.139) 
  
(0.142) (0.137) 
  
(0.146) (0.150) 
  Total 
import   
-0.170 -0.0428 
  
-0.137 -0.0260 
  
-0.145 0.121 
  
(0.164) (0.158) 
  
(0.166) (0.157) 
  
(0.169) (0.164) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 
5.371*** 5.669*** 5.390*** 5.462*** 3.673** 3.380* 3.626* 3.004 -0.552 4.956 0.810 4.633 
(1.301) (1.313) (1.430) (1.449) (1.799) (1.810) (2.005) (1.986) (9.145) (10.34) (9.113) (10.17) 
Observations 117 117 117 117 117 117 117 117 117 117 117 117 
R-square 0.149 
 
0.146 
 
0.166 
 
0.160 
 
0.168 
 
0.161 
 Hausman 
test (P value) 0.999 
 
1 
 
1 
 
0.9285 
 
No 
result 
 
No 
result 
 Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
‘No result’ in Hausman test indicates model fitted on these data fails to meet the asymptotic assumptions of the Hausman test 
GPD indicates GDP per capita 
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The estimated results presented in Table 6.1 also suggest that, the level of GDP per 
capita has a statistically significant impact on environment quality, which is measured by 
2CO  emission. This implies that an increase in GDP leads to a significant increase in 
pollution of East Asia. The linear specification of the EKC model, when estimated by FE 
regression in Model 1, suggests that a 1 per cent increase in GDP leads to 0.603 per cent 
increase in pollution in East Asia when trade is measured by the volume of intermediate 
goods imports, whereas a 1 per cent increase in GDP leads to 0.601 per cent increase in 
pollution in East Asia when the volume of trade is measured by total imports. In the case of 
the quadratic specification, where both GDP per capita and its square are included as 
explanatory variables, the impact of GDP per capita on 2CO  emission is found to be 
statistically significant in both FE and RE settings but the square of GDP per-capita is found 
to be have a statistically significant impact on 2CO  emission only in RE specification. The 
results of the Hausman test reported in Table 6.1 suggest that RE estimation produces more 
reliable results in the case of quadratic EKC specifications. Statistical significance of the 
square of GDP per capita implies an Inverted-U shaped relationship between GDP and 
pollution in East Asia. This follows the estimated value of the quadratic GDP term in model 3 
is negative and statistically significant when estimated by RE panel regression technique. 
However, in the case of the quadratic specification of the EKC model, the estimated impact 
of GDP on pollution is not constant; instead the marginal impact of GDP on pollution varies 
with GDP. For example, consider the estimated RE version of model 3 as follows: 
2
2ln( ) 1.758*ln( ) 0.234[ln( )] ......CO GDP GDP                         (6.1) 
Differentiating both sides of equation (6.1) yields equation (6.2) as follows: 
            2
2
( )
1.758 0.468ln( )
( )
d CO GDP
GDP
d GDP CO
                                   (6.2) 
Equation (6.2) indicates that a 1 per cent change in GDP leads to 
1.758 0.468ln( )GDP per cent change in pollution. In other words, the elasticity of pollution 
with respect to GDP varies with GDP per capita. 
In the case of the cubic specifications, all the variables are insignificant which means 
the a wave-like relationship between GDP per capita and pollution does not exist in the case 
of East Asian countries. In comparison, it can be seen that the quadratic specification of the 
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EKC model produces relatively more statistically significant results. This implies that the 
relationship between economic growth and pollution in East Asia can be best described by a 
quadratic functional form.  
 
6.3 Impact of intermediate goods exports on pollution in East Asia 
This section examines the impact of intermediate goods exports on pollution in East 
Asia. The results of FE and RE estimation are reported in Table 6.2. Unlike the results 
concerning the impact of intermediate goods imports on pollution reported in Table 6.1, it is 
shown that, in the case of FE estimation, the export of intermediate goods has a negative and 
statistically significant impact on pollution in each of the three EKC specifications. The 
estimated coefficient of the intermediate goods exports in the linear specification (i.e., Model 
1) is -0.266, which implies that a 1 per cent increase in intermediate goods exports lead to 
0.266 per cent decrease in pollution in East Asia. This result is somewhat surprising. 
However, the region of East Asia includes countries like China that are major exporters of 
electronic components that do not make a significant contribution to 2CO  pollution. Another 
possible reason for the negative impact of intermediate goods exports on pollution could be 
the fact that as national income increases, governments implement stricter environmental 
policies. National income is linked to international fragmentation of production and export 
growth. 
The market share of East Asia in intermediate goods exports is steadily increasing and 
in some cases at the expense of trade in final goods.25 Looking at the impact of total exports 
on pollution, as indicated in Table 6.2, the impact of total exports on pollution is found to be 
significant only when a linear EKC specification is used and the model is estimated by FE 
regression. The estimated model suggests that a 1 per cent increase in total exports decreases
2CO pollution by 0.304 per cent (see estimated Model 2 in Table 6.2). However, the impact 
of intermediate goods exports is also negative and statistically significant when quadratic and 
cubic specifications of the EKC model are estimated by FE estimation technique. As the 
estimated coefficient of the intermediate goods exports is negative across all three EKC 
                                                 
25 See Appendix A. 
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specifications, the main empirical result that exports of intermediate goods has a negative and 
statistically significant impact on pollution presented in this section is robust.  
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Table 6.2  Impacts of exports on the pollution of East Asia 
Independent 
variable 
Dependent variable CO2 emission 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 
0.804** 0.376 0.825** 0.304 1.759** 1.823** 1.579* 1.686* 7.178 0.931 5.035 0.909 
(0.331) (0.280) (0.354) (0.291) (0.874) (0.874) (0.873) (0.870) (7.915) (9.072) (7.783) (8.494) 
GDP2 
 
   
-0.160 -0.227* -0.134 -0.222* -1.667 -0.0766 -1.097 -0.0687 
    
(0.135) (0.128) (0.141) (0.129) (2.192) (2.512) (2.160) (2.358) 
GDP3 
 
       
0.139 -0.0144 0.0887 -0.0157 
        
(0.201) (0.230) (0.199) (0.216) 
Intermediate 
good  
export 
-0.266* -0.163 
  
-0.245* -0.152 
  
-0.272* -0.0284 
  
(0.139) (0.134) 
  
(0.139) (0.133) 
  
(0.145) (0.147) 
  Total 
export   
-0.304* -0.131 
  
-0.254 -0.0827 
  
-0.269 0.0468 
  
(0.175) -0.166 
  
(0.183) (0.166) 
  
(0.187) (0.167) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 
5.659*** 6.068*** 6.085*** 6.019*** 4.117** 3.757** 4.586** 3.463* -2.042 4.349 0.655 3.572 
(1.159) (1.179) (1.388) (1.419) (1.744) (1.756) (2.106) (2.043) (9.110) (10.45) (9.049) (9.878) 
Observations 117 117 117 117 117 117 117 117 117 117 117 117 
R-square 0.169 
 
0.163 
 
0.181 
 
0.171 
 
0.185 
 
0.173 
 Hausman 
test (P value) 0.9835 
 
0.9953 
 
1 
 
0 
 
0.9999 
 
1 
 Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
‘No result’ in Hausman test indicates model fitted on these data fails to meet the asymptotic assumptions of the Hausman test 
GPD indicates GDP per capita 
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The estimated results of Model 1 in Table 6.2, where volume of exports is used as a 
measure of trade, show that the impact of GDP on pollution in the case of linear specification 
of the EKC model is positive and statistically significant. The estimated coefficient of GDP 
on pollution when the model is estimated by FE regression, is 0.804 which suggests that a 1 
per cent increase in GDP per capita leads to 0.804 per cent increase in pollution in East Asia. 
In the case of the quadratic specification, when estimated by FE regression, the intermediate 
goods exports have a negative impact on 2CO  pollution but there is no evidence of a 
significant inverted U-shaped relationship between income and pollution in East Asia. This is 
because the square of GDP per capita is found to be statistically insignificant. The wave-like 
relationship between economic development and pollution is not supported by the empirical 
results. See the estimated Model 5 and Model 6 in Table 6.2. 
 
6.4 Impact of aggregate trade in intermediate goods on pollution in East 
Asia 
In this section the impact of trade on pollution is East Asia is considered when the 
volume of trade is measured by exports plus imports. The empirical results are presented in 
Table 6.3. These results suggest that aggregate trade in intermediate goods has a negative and 
statistically insignificant impact on pollution in East Asia. This result holds across both linear 
and quadratic EKC specifications. But RE estimation of the cubic EKC specification suggests 
that intermediate goods trade has a positive but statistically insignificant impact on pollution 
in East Asia. A similar result holds when the total intermediate goods trade variable is 
replaced by the total trade variable – the impact is negative but statistically insignificant in 
most of the specification.  However, the impact of GDP on pollution is found to be significant 
in most specifications.  
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Table 6.3  Impact of aggregate trade on pollution of East Asia 
Independent 
variable 
Dependent variable CO2 emission 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 
0.721** 0.304 0.710** 0.234 1.774** 1.807** 1.623* 1.680* 6.576 -0.590 4.570 -0.0004 
(0.325) (0.273) (0.344) (0.283) (0.881) (0.882) (0.877) (0.874) (7.945) (9.238) (7.811) (8.641) 
GDP2 
 
   
-0.174 -0.233* -0.157 -0.228* -1.509 0.317 -0.979 0.163 
    
(0.135) (0.128) (0.139) (0.129) (2.200) (2.558) (2.168) (2.399) 
GDP3 
 
       
0.123 -0.0494 0.0756 -0.0364 
        
(0.202) (0.234) (0.199) (0.220) 
Intermediate 
good  
trade 
-0.241 -0.129 
  
-0.225 -0.128 
  
-0.250 0.0349 
  
(0.149) (0.144) 
  
(0.149) (0.143) 
  
(0.155) (0.158) 
  
Total 
trade   
-0.239 -0.0802 
  
-0.194 -0.0488 
  
-0.206 0.100 
  
(0.176) (0.167) 
  
(0.180) (0.166) 
  
(0.184) (0.170) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 
5.767*** 6.004*** 5.845*** 5.731*** 4.114** 3.682** 4.139* 3.200 -1.320 5.654 0.784 4.189 
(1.302) (1.326) (1.481) (1.507) (1.827) (1.833) (2.113) (2.064) (9.121) (10.61) (9.088) (10.04) 
Observations 117 117 117 117 117 117 117 117 117 117 117 117 
R-square 0.159 
 
0.153 
 
0.174 
 
0.164 
 
0.177 
 
0.166 
 Hausman test 
(P value) 0.9944 
 
1 
 
No 
result 
 
0.8493 
 
1 
 
No 
result 
 Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
‘No result’ in Hausman test indicates model fitted on these data fails to meet the asymptotic assumptions of the Hausman test 
GPD indicates GDP per capita 
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Looking at the impact of GDP per capita on pollution, the estimated linear 
relationship between economic development and pollution is found to be positive and 
statistically significant in the case of FE estimation (FE estimators of Models 1 and Model 2 
in Table 6.3). The square term of GDP per capita, which captures the Inverted-U relationship 
between economic development and pollution is only significantly related to pollution in an 
RE specification. Insignificance of the cubic-term suggests that a wave-like relationship 
between GDP per capita and pollution does not exist in the case of East Asia. 
The focus has thus far been on major East Asian economies. In section 6.5, I will 
consider the impact of trade on pollution in developed countries.  
 
6.5 Impact of trade in intermediate goods on pollution in developed 
countries 
In the case of East Asia, it has been found that exports of intermediate goods have 
significant impact on the environment. However, the East Asian region includes some high 
income developed countries as well as low income developing countries and the relationship 
between trade in intermediate goods and pollution may vary across countries that are at 
different development levels. In this section, in order to examine the role of the level of 
economic development and hence to test hypothesis 6, the sample will be extended to include 
some major world economies, subsequently the sample will be divided into the two sub-
groups of developed and developing countries.  The estimated results presented in this section 
are based on these two sub-samples. 
Each of the three EKC specifications (linear, quadratic and cubic) are estimated for 
the developed country group using three alternative measures of trade (volume of imports, 
exports and aggregate trade). These results are presented in Table 6.4 to 6.6. Table 6.4 
contains the empirical results when trade is measured by imports of intermediate goods. The 
results suggest that, in the case of developed countries, imports of intermediate goods lead to 
pollution. For instance, Model 1 (i.e., the estimated linear specification of the EKC model) 
indicates that a 1 per cent increase in the imports of intermediate goods leads to 0.257 per 
cent increase in pollution in developed countries. This result is based on FE estimators. In the 
case of RE estimation, the estimated coefficient is 0.237. The impact of intermediate goods 
imports on pollution is positive and statistically significant across all three EKC 
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specifications (i.e., linear in GDP, quadratic in GDP and cubic in GDP). This result is 
somewhat surprising as imports are related to production abroad and developed countries 
seem to have less pollution problems compared to developing countries. However, the 
significant impact of the intermediate goods imports on pollution in developed countries 
could be explained by the fact that due to international production fragmentation, developed 
countries specialize in capital-intensive segments of the production process; this generates 
more pollution than labour-intensive segments that are clustered in developing countries. 
Another point worth noting is the fact that although the impact of imports of intermediate 
goods is significantly positive on pollution in developed countries, developed countries 
account for a relatively small proportion of the world wide imports of intermediate goods.26 
In contrast to the imports of intermediate goods, the impact of the intermediate goods 
exports from developed countries on pollution is negative but statistically insignificant. This 
result could be attributed to the fact that, in general, developed countries use relatively ‘clean’ 
production techniques. This seemingly contradictory results regarding intermediate goods 
imports and exports in the case of developed countries, are actually quite reasonable – the 
two forms of trade in intermediate goods (imports and exports) are considered separately. The 
imports of intermediate goods contribute to an increase in the production of pollution-
intensive goods in developed countries, while the pollution-intensive industries in developed 
countries adopt ‘cleaner’ production techniques, which lead to the insignificant impact of 
intermediate goods exports on pollution in developed countries. 
Finally, Table 6.6 shows the impact of trade on pollution in developed countries when 
trade is measured by exports plus imports. The empirical results presented in Table 6.6, 
suggest that the cubic EKC specification (i.e., Model 5) is capable of detecting a positive and 
statistically significant relationship between aggregate trade in intermediate goods and 
pollution in developed countries. However, the estimated linear and quadratic models (i.e., 
Models 1 and 3, respectively) imply that the impact of intermediate goods trade on pollution 
in developed countries is statistically insignificant. Given that the cubic term in Model (5) is 
significant, the cubic EKC specification captures the wave-like relationship between 
economic development and pollution. In the case of the cubic-specification, both aggregate 
trade in intermediate goods and total trade have a significant and positive impact on 2CO  
emission. This implies that an increase in trade in intermediate goods leads to higher 
                                                 
26 See, Appendix A. 
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pollution in developed countries. Specifically, the FE estimation suggests that a 1 per cent 
increase in trade in intermediate goods increases pollution in developed countries by 0.298 
per cent. However, if total trade (i.e., intermediate goods trade plus final goods trade) 
increases by 1 per cent, pollution will increase by 0.374 per cent. In other worlds, the 
elasticity of pollution with respect to trade in intermediate goods is lower than the elasticity 
of pollution with respect to total trade in developed countries.  
  
98 
 
Table 6.4  Impact of imports on pollution of developed countries 
Independent 
variable 
Dependent variable CO2 emission 
 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
 
FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 
-1.309 
*** 
-1.327 
*** 
-1.371 
*** 
-1.410 
*** 
-6.362 
* 
-6.306 
* 
-4.855 
 
-4.901 
 
495.4 
*** 
-2,184 
** 
473.7 
*** 
-2,389 
** 
(0.177) (0.175) (0.210) (0.207) (3.769) (3.718) (3.857) (3.806) (115.8) (1,029) (124.8) (954.7) 
GDP2 
 
   
0.593 
 
0.585 
 
0.407 
 
0.408 
 
-115.0 
*** 
499.2 
** 
-109.9 
*** 
546.2 
** 
    
(0.442) (0.436) (0.450) (0.444) (26.67) (233.7) (28.74) (216.8) 
GDP3        
8.875*** -38.05** 8.464*** -41.64** 
        
(2.047) (17.68) (2.206) (16.40) 
Intermediate 
good 
import 
0.257** 0.273*** 
  
0.311*** 0.323*** 
  
0.451*** 0.760*** 
  
(0.103) (0.100) 
  
(0.110) (0.107) 
  
(0.101) (0.128) 
  Total 
import   
0.215* 0.247** 
  
0.254* 0.282** 
  
0.424*** 0.883*** 
  
(0.127) (0.123) 
  
(0.134) (0.129) 
  
(0.128) (0.124) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 
8.462*** 8.373*** 9.146*** 8.980*** 18.60** 18.40** 16.14** 16.03** 
-
708.6*** 3,183** 
-
677.6*** 3,479** 
(1.162) (1.160) (1.190) (1.182) (7.639) (7.559) (7.828) (7.758) (167.9) (1,509) (180.9) (1,400) 
Observations 76 76 76 76 76 76 76 76 76 76 76 76 
R-square 0.719 
 
0.704 
 
0.728 
 
0.708 
 
0.798 
 
0.770 
 Hausman 
test (P value) 1 
 
1 
 
1 
 
1 
 
No result 
 
No result 
 Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
‘No result’ in Hausman test indicates model fitted on these data fails to meet the asymptotic assumptions of the Hausman test 
GPD indicates GDP per capita 
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Table 6.5 Impact of exports on pollution of developed countries 
Independent 
variable 
Dependent variable CO2 emission 
 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
 
FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 
-1.098 
*** 
-1.127 
*** 
-0.986 
*** 
-1.052 
*** 
-2.720 
 
-2.471 
 
-2.242 
 
-2.112 
 
390.6 
** 
-1,550 
 
366.3 
** 
-1,568 
 
(0.196) (0.197) (0.223) (0.223) (3.737) (3.728) (3.677) (3.679) (154.2) (965.6) (162.9) (983.2) 
GDP2 
 
   
0.192 
 
0.160 
 
0.148 
 
0.126 
 
-90.20 
** 
354.7 
 
-84.64 
** 
358.2 
 
    
(0.442) (0.441) (0.434) (0.434) (35.44) (219.2) (37.47) (223.1) 
GDP3        
6.919** -27.09 6.497** -27.29 
        
(2.713) (16.57) (2.871) (16.87) 
Intermediate 
good  
export 
-0.0750 -0.0538 
  
-0.0811 -0.0622 
  
0.0710 1.023*** 
  
(0.0926) (0.0926) 
  
(0.0943) (0.0937) 
  
(0.108) (0.157) 
  Total 
export   
-0.173 -0.119 
  
-0.174 -0.128 
  
0.0521 0.856*** 
  
(0.132) (0.130) 
  
(0.133) (0.131) 
  
(0.163) (0.137) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 
11.22*** 11.14*** 11.86*** 11.56*** 14.70* 14.05* 14.52* 13.88* 
-
557.1** 2,254 
-
521.4** 2,286 
(1.008) (1.032) (1.175) (1.191) (8.068) (8.054) (7.864) (7.872) (224.3) (1,417) (236.9) (1,443) 
Observations 76 76 76 76 76 76 76 76 76 76 76 76 
R-square 0.692 
 
0.698 
 
0.693 
 
0.698 
 
0.726 
 
0.724 
 Hausman 
test (P value) 0 
 
0.9641 
 
0.9996 
 
0.9989 
 
No 
result 
 
No 
result 
 Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
‘No result’ in Hausman test indicates model fitted on these data fails to meet the asymptotic assumptions of the Hausman test 
GPD indicates GDP per capita 
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Table 6.6 Impact of aggregate trade on pollution of developed countries 
Independent 
variable 
Dependent variable CO2 emission 
 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
 
FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 
-1.232 
*** 
-1.263 
*** 
-1.205 
*** 
-1.272 
*** -2.638 -2.557 -2.505 -2.552 
492.5 
*** 
-1,950 
** 
491.0 
*** 
-2,012 
** 
(0.197) (0.196) (0.234) (0.231) (3.738) (3.714) (3.789) (3.764) (138.8) (992.4) (145.8) (967.9) 
GDP2 
 
   
0.166 
 
0.153 
 
0.153 
 
0.151 
 
-113.8 
*** 
445.9 
** 
-113.5 
*** 
459. 
9** 
    
(0.440) (0.437) (0.444) (0.441) (31.94) (225.3) (33.58) (219.7) 
GDP3 
 
       
8.741*** -34.01** 8.721*** -35.06** 
        
(2.449) (17.04) (2.576) (16.62) 
Intermediate 
good 
trade 
0.0852 0.115 
  
0.0893 0.116 
  
0.298** 0.889*** 
  
(0.118) (0.116) 
  
(0.120) (0.117) 
  
(0.123) (0.141) 
  
Total 
trade   
0.0364 0.0952 
  
0.0438 0.0962 
  
0.347** 0.874*** 
  
(0.154) (0.149) 
  
(0.157) (0.151) 
  
(0.170) (0.130) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 
10.00*** 9.817*** 10.43*** 10.07*** 12.93 12.54 13.11 12.76 -706.1*** 2,838* -703.9*** 2,930** 
(1.238) (1.241) (1.368) (1.352) (7.874) (7.835) (7.904) (7.870) (201.6) (1,456) (211.9) (1,420) 
Observations 76 76 76 76 76 76 76 76 76 76 76 76 
R-square 0.691 
 
0.689 
 
0.692 
 
0.689 
 
0.751 
 
0.744 
 Hausman test 
(P value) 0.9997 
 
0.9976 
 
1 
 
1 
 
No result 
 
No result 
 Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
‘No result’ in Hausman test indicates model fitted on these data fails to meet the asymptotic assumptions of the Hausman test 
GPD indicates GDP per capita 
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The estimated results presented in Table 6.4, where intermediate goods imports are 
used as a measure of trade, demonstrate that the level of GDP has significant impact on 2CO  
emission. However, the impact of the squared GDP on pollution is statistically insignificant. 
This implies that the traditional EKC (Inverted-U shaped) relationship does not exist in 
developed countries, controlling imports. Instead, the wave-like relationship between income 
and pollution is validated by the significant impact of the cubic GDP term on pollution in 
developed countries as shown in Models (5) and (6) in Table 6.4. When the volume of 
exports is used as a measure of trade, the estimated results presented in Table 6.5 indicate that 
the linear and cubic EKC specifications seem to fit the data better compared to the quadratic 
specification. Based on the estimated results, it is possible to conclude that the relationship 
between income growth (as measured by GDP) and pollution in developed countries is non-
linear. When aggregate trade in intermediate goods is used as a measure of trade in Table 6.6, 
it can be seen that a wave-like relationship between GDP per capita and 2CO  emission 
exists in developed countries. 27 
 
6.6 Impact of trade in intermediate goods on pollution in developing 
countries 
The empirical results concerning the developing countries are presented in Table 6.7 
to 6.9. Again, the linear, quadratic and cubic versions of the EKC models are estimated and 
each model is estimated separately using intermediate goods imports, exports and aggregate 
trade as measures of trade. The estimated coefficients of the intermediate goods imports are 
negative and statistically significant, which suggests that intermediate goods trade (as 
measured by imports) decreases pollution in developing countries.  Based on the results of FE 
estimation labelled as Model (1) in Table 6.7, it can be argued that a 1 per cent increase in 
intermediate goods imports decreases pollution in developing countries by 0.658 per cent. 
This conclusion is valid across all three specifications (i.e., linear in GDP, quadratic in GDP 
and cubic in GDP) of the EKC model. This results could be attributed to the oversupply of 
labour in developing countries. Developing countries rely heavily on labour to assemble – the 
imported intermediate goods to produce final products. Labour intensive assembling 
                                                 
27 See the estimated Models (5) and (6) in Table 6.6. 
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procedures are relatively ‘clean’ compared to capital-intensive procedures and hence an 
increase in imports of the intermediate goods decreases pollution in developing countries.  
However, the empirical results presented in Table 6.8 suggest that an increase in the 
exports also decreases pollution in developing countries. This conclusion is confirmed by 
both FE and RE estimations of the alternative EKC specifications. Specifically, a 1 per cent 
increase in exports decreases pollution in developing countries by around 0.7 per cent. This 
conclusion holds across all three EKC specifications. A cursory analysis of the available data 
shows that pollution is a serious problem in fast growing developing countries. However, the 
results presented in this section appear to suggest that growth in exports leads to better 
environment in developing countries. This seemingly contradictory result could be attributed 
to the fact that along with national economic growth, developing countries are also taking 
practical steps to curb environmental pollution. With the decline in poverty, the residents of 
developing countries are expecting a clean environment. Another reason for the unexpected 
result is the fact that international fragmentation of intermediate goods production is 
associated with the development of new and relatively clean production techniques. This is 
facilitated by an increase in FDI and the associated positive spill-over effects from developed 
to developing countries.  
In the case of the developed countries, it is found that the impact of intermediate 
exports on pollution is different from the impact of imports.  In other words, in the case of the 
developed countries, the impact of intermediate goods on pollution depends on how the trade 
is measured. However, in the case of developing countries, both exports and imports of the 
intermediate goods lead to less pollution. Accordingly, when trade in intermediate goods is 
measured by aggregate level (i.e., export plus imports), increase in trade continues to 
decrease pollution as shown in Table 6.9. It is interesting to note that, compared to the effect 
of total trade on pollution, in most cases, a 1 per cent increase in trade in intermediate goods 
leads to a bigger decrease in pollution in developing countries. In other words, the results 
presented in Table 6.9 suggest that trade in intermediate goods can contribute to a better 
environment in developing countries (including the developing countries of East Asia).  
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Table 6.7  Impact of imports on pollution of developing countries 
Independent 
variable 
Dependent variable CO2 emission 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 
2.122*** 1.858*** 2.070*** 1.762*** 2.201 2.095 1.979 1.852 -30.71 -32.48* -35.39* -36.81* 
(0.458) (0.445) (0.482) (0.465) (1.756) (1.775) (1.782) (1.801) (19.23) (19.02) (19.49) (19.32) 
GDP2 
 
   
-0.0126 -0.0354 0.0146 -0.0104 10.35* 10.87* 11.80* 12.20** 
    
(0.272) (0.274) (0.277) (0.279) (6.036) (5.973) (6.127) (6.076) 
GDP3        
-1.089* -1.145* -1.238* -1.282** 
        
(0.633) (0.627) (0.643) (0.638) 
Intermediate 
good  
import 
-0.658 
*** 
-0.574 
*** 
  
-0.659 
*** 
-0.581 
*** 
  
-0.663 
*** 
-0.61 
3*** 
  (0.179) (0.177) 
  
(0.180) (0.178) 
  
(0.178) (0.174) 
  
Total 
import   
-0.668 
*** 
-0.558 
*** 
  
-0.668 
*** 
-0.568 
*** 
  
-0.699 
*** 
-0.635 
*** 
  
(0.204) (0.201) 
  
(0.205) (0.202) 
  
(0.202) (0.197) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 
6.089*** 6.008*** 6.462*** 6.221*** 5.974** 5.689** 6.597** 6.147** 40.86* 42.49** 46.40** 47.53** 
(1.264) (1.335) (1.430) (1.495) (2.797) (2.849) (2.922) (2.970) (20.48) (20.28) (20.87) (20.71) 
Observations 91 91 91 91 91 91 91 91 91 91 91 91 
R-square 0.285 
 
0.260 
 
0.285 
 
0.260 
 
0.315 
 
0.298 
 Hausman 
test (P value) 0.9819 
 
0.9781 
 
0.9982 
 
0.9985 
 
1 
 
1 
 Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
‘No result’ in Hausman test indicates model fitted on these data fails to meet the asymptotic assumptions of the Hausman test 
GPD indicates GDP per capita 
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Table 6.8  Impact of exports on pollution of developing countries 
Independent 
variable 
Dependent variable CO2 emission 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
 
FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 
2.520*** 2.269*** 2.268*** 1.946*** 1.671 1.650 0.223 0.348 -16.87 -19.18 -34.07* -35.50* 
(0.494) (0.477) (0.531) (0.509) (1.675) (1.669) (1.712) (1.715) (19.35) (18.94) (19.34) (19.08) 
GDP2 
 
   
0.141 0.111 0.361 0.290 5.960 6.659 11.16* 11.59* 
    
(0.265) (0.264) (0.287) (0.285) (6.057) (5.928) (6.074) (5.993) 
GDP3 
 
       
-0.612 -0.687 -1.134* -1.184* 
        
(0.636) (0.622) (0.637) (0.628) 
Intermediate 
good 
export 
-0.750 
*** 
-0.680 
*** 
  
-0.757 
*** 
-0.700 
*** 
  
-0.726 
*** 
-0.685 
*** 
  (0.178) (0.175) 
  
(0.180) (0.175) 
  
(0.182) (0.176) 
  
Total 
export   
-0.730 
*** 
-0.615 
*** 
  
-0.821 
*** 
-0.704 
*** 
  
-0.834 
*** 
-0.758 
*** 
  
(0.224) (0.218) 
  
(0.234) (0.227) 
  
(0.231) (0.223) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 
5.758*** 5.795*** 6.556*** 6.299*** 7.104** 6.850** 10.38*** 9.410*** 26.54 28.78 46.82** 47.78** 
(1.130) (1.212) (1.458) (1.517) (2.779) (2.805) (3.372) (3.369) (20.41) (19.99) (20.74) (20.48) 
Observations 91 91 91 91 91 91 91 91 91 91 91 91 
R-square 0.319 
 
0.259 
 
0.322 
 
0.275 
 
0.331 
 
0.308 
 Hausman 
test (P value) 0.9965 
 
0.9947 
 
0.9999 
 
0.9984 
 
1 
 
1 
 Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
‘No result’ in Hausman test indicates model fitted on these data fails to meet the asymptotic assumptions of the Hausman test 
GPD indicates GDP per capita 
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Table 6.9  Impact of aggregate trade on pollution of developing countries 
Independent 
variable 
Dependent variable CO2 emission 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
 
FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 
2.391*** 2.121*** 2.201*** 1.871*** 2.026 1.964 1.066 1.070 -25.89 -27.73 -36.61* -37.82** 
(0.485) (0.469) (0.519) (0.498) (1.712) (1.713) (1.732) (1.740) (19.09) (18.76) (19.48) (19.25) 
GDP2 
 
   
0.0595 0.0334 0.192 0.143 8.838 9.388 12.07* 12.42** 
    
(0.267) (0.267) (0.279) (0.279) (5.985) (5.884) (6.124) (6.053) 
GDP3 
 
       
-0.922 -0.982 -1.247* -1.287** 
        
(0.628) (0.617) (0.642) (0.635) 
Intermediate 
good 
trade 
-0.760 
*** 
-0.676 
*** 
  
-0.760 
*** 
-0.691 
*** 
  
-0.745 
*** 
-0.700 
*** 
  (0.189) (0.186) 
  
(0.190) (0.187) 
  
(0.189) (0.184) 
  
Total 
trade   
-0.725 
*** 
-0.602 
*** 
  
-0.749 
*** 
-0.638 
*** 
  
-0.786 
*** 
-0.714 
*** 
  
(0.225) (0.220) 
  
(0.229) (0.222) 
  
(0.225) (0.218) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 
6.540*** 6.449*** 6.908*** 6.563*** 7.098** 6.779** 8.835*** 8.051** 36.56* 38.26* 49.04** 49.81** 
(1.282) (1.356) (1.553) (1.609) (2.821) (2.853) (3.208) (3.223) (20.26) (19.94) (20.95) (20.72) 
Observations 91 91 91 91 91 91 91 91 91 91 91 91 
R-square 0.306 
 
0.256 
 
0.307 
 
0.262 
 
0.328 
 
0.300 
 Hausman 
test (P value) 0.9898 
 
0.9895 
 
0.9995 
 
0.9785 
 
1 
 
1 
 Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
‘No result’ in Hausman test indicates model fitted on these data fails to meet the asymptotic assumptions of the Hausman test 
GPD indicates GDP per capita 
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Based on the empirical results presented in Tables 6.7 to Table 6.9, it can be argued 
that the relationship between trade in intermediate goods and pollution in developing 
countries (including major developing countries in East Asia) can be best modelled by means 
of the linear and cubic EKC models. The validation of a cubic specification suggests the 
presence of a significant wave-like relationship between GDP per capita and pollution in 
developing countries.  When trade in intermediate goods is measured by exports, the cubic 
EKC specification is statistically significant only when total exports (i.e., intermediate plus 
non-intermediate good exports) are considered. The impact of intermediate goods trade on 
pollution is statistically significant in the case of the linear model. The linear model also 
works well for developing countries when aggregate trade (i.e., exports plus imports of 
intermediate goods) is considered. The cubic model works well in the case of total trade (i.e., 
intermediate plus non-intermediate good).  
 
6.7 Conclusion 
This chapter focuses on the analysis of the impact of trade in intermediate goods on 
2CO  pollution. It first considers the case of East Asia and then separately considers the case 
of developed and developing countries. The empirical analysis is based on an extended 
environmental Kuznets curve (EKC) model. Specifically, trade in intermediate goods is 
included as an additional explanatory variable in EKC equation. This extension enables an 
examination of the impact of trade in intermediate goods on pollution. Trade in intermediate 
goods can be measured in at least three ways: volume of imports, volume of exports and 
aggregate trade in intermediate goods (i.e., exports plus imports). Furthermore, the EKC 
model can be linear, quadratic and cubic in per capita GDP. Each of these models has been 
estimated using both the fixed effects (FE) and random effects (RE) estimation techniques.  
Each of the six models is separately estimated using trade in intermediate goods trade and 
total trade (trade in intermediate goods plus trade in non-intermediate goods).    
The empirical results presented in this chapter suggest that the impact of intermediate 
goods imports as well as the impact of total imports (i.e., intermediate good plus non-
intermediate goods) on pollution in East Asia is negative but statistically insignificant across 
all three EKC specifications. This implies that imports do not affect the level of 2CO  
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pollution in East Asia. However, in the case of FE estimation, the impact of intermediate 
goods exports is found to have a negative and statistically significant impact on pollution in 
East Asia across all three specifications of the EKC model (i.e., linear in GDP, quadratic in 
GDP and cubic in GDP). This result is somewhat surprising, as one would expect that an 
increase in exports, which leads to increase in production, would increase pollution. However, 
a significant proportion of East Asia’s intermediate good exports consist of computer and 
other electronic components that do not significantly contribute to high levels of pollution. As 
East Asia’s intermediate goods export market share increases, fewer resources are used in the 
production of goods that contribute to 2CO  pollution, which could perhaps explain the 
presence of a negative relationship between intermediate goods exports and 2CO pollution in 
East Asia.  
Intermediate goods imports have a positive and statistically significant impact on 
pollution in developed countries across all three specifications of the EKC model. However, 
the impact of intermediate goods exports on pollution in developed countries is found to be 
positive and statistically significant only when the cubic specification of the EKC model is 
estimated by means of RE estimation. Similarly, the impact of aggregate trade in intermediate 
goods on pollution in developed countries is found to be positive and statistically significant 
only in cubic specification of the EKC model. An increase in the imports of intermediate 
goods increases pollution in developed countries because these goods are used in the 
production of capital-intensive products. On the other hand, developed countries’ exports are 
produced by means of relatively ‘clean’ production techniques. Additionally, the empirical 
results appear to suggest that the cubic specification of the EKC model is most appropriate 
for capturing the impact of the intermediate goods, trade-pollution relationship, in developed 
countries. In summary, the impact of intermediate goods trade on pollution in developed 
countries varies across the three measures of trade, including volume of exports, volume of 
imports and volume of total trade. 
In the case of the developing country group, irrespective of how the trade is measured, 
intermediate goods trade has a negative and statistically significant impact on 2CO  pollution. 
This conclusion holds in the case of all three EKC model specifications and FE and RE 
estimations. The positive contribution of trade in intermediate goods on the environment of 
developing countries could be explained by the fact that developing countries are labour-
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abundant and therefore import capital-intensive components. These imported components 
contribute to pollution in developed countries and their import into the developing countries 
actually contributes to lower pollution in developing countries. At the same time, over time, 
developing countries are replacing pollution intensive production techniques with relatively 
‘clean’ production techniques. Furthermore, due to international fragmentation of production 
and increases in FDI in developing countries, an increase in exports is associated with a 
decrease in pollution in developing countries. Based on the results presented in this chapter, it 
can be argued that the intermediate goods trade appears to benefit developing countries at the 
expense of the developed countries.  
Using a gravity model, Chapter 7 focuses on the impact of pollution on trade in 
intermediate goods in East Asia.  
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Chapter 7 The Environmental Input in International Trade 
 
 
7.1 Chapter introduction 
This chapter examines the impact of pollution on international fragmentation of 
production and trade in intermediate goods, the focus of empirical research question 2. 
Research question 2 is addressed by estimating an extended trade gravity model. This 
involves adjusting the basic gravity model to include the environmental factor which is 
measured by 2CO   pollution as an additional independent variable. It allows the impact of the 
environment on trade in intermediate goods as well as on total trade to be assessed. By 
applying the extended trade gravity framework, Hypothesis 4, i.e., pollution is an important 
determinant of international production fragmentation and trade in intermediate goods, can be 
tested. Hypothesis 5, i.e., the impact of pollution on trade in intermediate goods is different 
from its effect on total trade, will be empirically tested by comparing the estimated results of 
the trade gravity model where trade in intermediate goods is the dependent variable with the 
estimated results where total trade is the dependent variable.  
The role of economic development in the trade-pollution nexus, the focus of empirical 
research question 3, was partly answered in Chapter 6. This chapter will continue 
investigating this question, i.e., ‘Is the relationship between trade in intermediate goods and 
environment affected by the level of economic development?’ by examining the evidence of 
different development-pollution tracks via the estimating results of different country groups. 
The East Asian sample is extended and grouped into developed and developing countries. 
Such categorization and comparison allows hypothesis 6, that the link between trade in 
intermediate goods and pollution varies across the level of economic development, to be 
tested.  
For the robustness of the empirical results, in this chapter, three different estimation 
techniques are used. These techniques are OLS, panel estimation and dynamic panel data 
(DPD) estimation. The empirical analysis will be based on different assumptions regarding 
the trade barriers and multilateral trade resistance (MTR) 28 . Furthermore, trade in 
intermediate goods can be measured in at least three ways: intermediate goods imports, 
                                                 
28 The details concerning MTR and different assumptions are presented in Chapter 5. 
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intermediate goods exports and aggregate trade in intermediate goods, which includes exports 
and imports. The empirical analysis presented in this chapter makes use of each of these three 
measures of trade. 
The rest of this chapter is structured as follows. The individual country-based OLS 
results are presented and discussed in 7.2, the country pair-based panel estimation results are 
reported in 7.3 and the results of DPD estimation are discussed in 7.4. Section 7.5 contains 
conclusions. 
 
7.2 Estimation results of OLS 
The extended gravity model, which takes the impact of pollution on trade in 
intermediate goods into account, is initially estimated for East Asia using the OLS approach. 
As discussed in Chapter 5, in the case of OLS estimation, it assumes that MTR of each 
country is captured by its characteristics. The analysis starts by providing an in-depth analysis 
of the case of East Asia. Then an extended sample which is split into two groups: developed 
and developing countries will be estimated. This allows for the separate examination of the 
impact of pollution on intermediate goods trade in developed and developing countries. 
Except for the dummy variables, all variables used in the estimation of the extended gravity 
model are in logarithm form. In the OLS specification, individual country effects, trading 
partner country effects and time effects are taken into account by including country dummy 
variables, trading partner dummy variables and year dummy variables. Different measures of 
trade, including intermediate goods exports, total exports, intermediate goods imports, total 
imports, aggregate intermediate goods trade and total trade, are used as dependent variables. 
This enables the comparison of the implications of pollution on different measures of types 
and directions of trade. When exports are used as a measure of trade, a country’s 2CO  
pollution is the main concern. This is consistent with the results of the theoretical model 
presented in Chapter 3, where pollution is viewed as an additional input in the production 
process. On the other hand, when imports are used as the dependent variable, the trading 
partner’s 2CO  pollution is used as a measure of pollution. Finally, when the aggregate trade is 
used as a measure of trade, both the individual country’s 2CO  pollution and its trading 
partner’s 2CO  pollution are used in estimating the determinants of trade. 
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7.2.1 Impact of pollution on East Asia’s trade in intermediate goods 
The empirical results concerning the impact of pollution on trade in intermediate 
goods in East Asia are presented in Table 7.1. Model (1) suggests that the impact of pollution 
on East Asia’s intermediate goods exports is insignificant. In contrast, Model (2) suggests 
that pollution has a positive and statistically significant impact on East Asia’s total exports. 
Based on the estimated results, it can be argued that a 1 per cent increase in pollution will 
lead to 0.155 per cent increase in the total exports of East Asia but its impact on intermediate 
goods exports is insignificant. This could be attributed to the fact that, compared to the total 
exports, East Asia’s intermediate goods exports are subject to relatively less pollution. The 
estimated results concerning the intermediate goods exports and total exports support the 
hypothesis that the impact of pollution (i.e., the environmental factor) may vary across East 
Asia’s trade in intermediate goods and total trade. 
The impact of the trading partner’s pollution on the imports of East Asia can be 
assessed by means of estimating Models (3) and (4), where the intermediate goods imports 
and total imports, respectively, are used as the dependent variables. Since in Model (3) and (4) 
imports are used as a measure of trade, it is appropriate to use the trading partner’s  
pollution as environmental factor in estimation. The impact of the trading partner’s pollution 
on intermediate goods imports in East Asia is positive and statistically significant.  
Specifically, 1 per cent increase in trading partner’s pollution will lead to 0.259 per cent 
increase in East Asia’s intermediate goods imports. This result is reasonable, considering 
pollution as discussed in Chapter 4, can be viewed as an environmental input that enters the 
production process. An increase in the use of input increases the output, which increases the 
volume of trade. 
The empirical results, where aggregate trade (i.e., exports plus imports) is used as a 
measure of trade, are reported under Models (5) and (6) in Table 7.1. As data regarding both 
exports and imports is used,  pollution of an individual country as well as its trading 
partner is taken into consideration. The empirical results suggest that pollution of both 
exporting and importing countries have a positive and statistically significant impact on the 
aggregate trade in intermediate goods. A comparison of the estimated coefficients of a 
country’s  pollution with its trading partners’  pollution reveals that the trading 
partner’s pollution has a higher impact on East Asian countries’ aggregate trade in 
intermediate goods. For example, a 1 per cent increase in CO2 pollution leads to 0.196 per 
2CO
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cent increase in its aggregate intermediate goods trade but its impact on total trade is 0.178 
per cent. A 1 per cent increase in pollution of an East Asian country’s trading partner 
increases aggregate trade in intermediate goods by 0.376 per cent but its impact on total trade 
is 0.310 per cent. This could be attributed to the fact that trade in intermediate goods accounts 
for a very large proportion of total trade in East Asia.  
  
2CO
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          Table 7.1  OLS estimation of trade gravity model for East Asia 
 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Independent 
variables 
Dependent variable 
Intermediate  
exports 
Total  
exports 
Intermediate  
imports 
Total 
imports 
Intermediate 
trade 
Total  
trade 
GDP 0.404*** 0.411*** 0.309*** 0.483*** 0.303*** 0.411*** 
 
(0.110) (0.0990) (0.100) (0.0929) (0.0824) (0.0736) 
Partner GDP 0.609*** 0.740*** 0.365*** 0.470*** 0.410*** 0.539*** 
 
(0.110) (0.0988) (0.107) (0.0995) (0.0860) (0.0769) 
CO2 0.105 0.155** 
  
0.196*** 0.178*** 
 
(0.0780) (0.0699) 
  
(0.0584) (0.0523) 
Partner CO2 
  
0.259*** 0.245*** 0.376*** 0.310*** 
   
(0.0846) (0.0785) (0.0681) (0.0609) 
telephone 0.338*** 0.234*** 0.448*** 0.376*** 0.325*** 0.268*** 
 
(0.0620) (0.0555) (0.0524) (0.0486) (0.0462) (0.0413) 
Partner 
telephone 0.230*** 0.198*** 0.156** 0.103* 0.109** 0.0940** 
 
(0.0610) (0.0547) (0.0616) (0.0571) (0.0494) (0.0441) 
Common 
language 
dummy -0.0537 -0.0671 0.000916 0.0298 -0.0252 -0.0367 
 
(0.0638) (0.0571) (0.0593) (0.0550) (0.0475) (0.0425) 
Neighbourhood 
dummy 0.359*** 0.248*** 0.231*** 0.0923 0.290*** 0.174*** 
 
(0.0728) (0.0652) (0.0677) (0.0628) (0.0542) (0.0485) 
distance -0.352*** 
-
0.423*** -0.366*** -0.458*** -0.362*** -0.444*** 
 
(0.0340) (0.0304) (0.0316) (0.0293) (0.0253) (0.0226) 
Country 
individual 
dummy Yes Yes Yes Yes Yes Yes 
Trading partner 
individual 
dummy Yes Yes Yes Yes Yes Yes 
Year dummy Yes Yes Yes Yes Yes Yes 
Constant -5.555 -7.785** 1.401 -4.548 -1.717 -5.396** 
 
(3.991) (3.575) (3.974) (3.686) (2.976) (2.661) 
Observations 1,364 1,364 1,364 1,364 1,364 1,364 
R-squared 0.874 0.906 0.886 0.903 0.919 0.939 
         Note: Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10 
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While this study focuses on the impact of 2CO  pollution on trade in intermediate 
goods, the estimated results presented in Table 7.1 suggest that other factors can also have a 
significant impact. For example, the empirical results in Table 7.1 show that both the GDP of 
a country and its trading partner influence its trade in intermediate goods. The impact of GDP 
on trade in intermediate goods is positive and statistically significant in the case of each of 
the three measures of trade (see the estimated Models 1, 3 and 5). Similarly, a country’s GDP 
as well as its trading partner’s GDP have a significant and positive impact on its total trade 
(see the estimated Models 2, 4 and 6). The empirical results presented in Table 7.1 also 
suggest that a country and its trading partner’s penetration rate of telephone, which measures 
the convenience of communication, has a positive impact on its trade. It is interesting to note 
that in all the three pairs of estimations (i.e., Models 1 and 2, Models 3 and 4, Models 5 and 
6), it seems that the impact of telephone on trade in intermediate goods is higher than its 
impact on total trade. This appears to suggest that international production fragmentation 
induced trade involves relatively more communication, i.e., communication between 
producers of an internationally fragmented supply chain. Other factors that can affect trade, 
include the impact of the use of a common language on trade, which is statistically 
insignificant. It is notable that distance, which captures the convenience of geographic factors 
in trade, has a negative and significant impact on the volume of trade. In addition, the 
estimated results suggest that neighbouring countries trade more with each other.  
7.2.2 Impact of pollution on trade in intermediate goods – the case of developed and 
developing countries 
In order to answer the research question concerning the role of a country’s level of 
economic development in the intermediate goods trade-pollution nexus, the original sample 
was extended to include some non-East Asian countries. The extended sample was then split 
into developed and developing country groups. The empirical exercise reported in the 
previous section was then repeated for each of the two country groups. The estimated results 
are reported in Tables 7.2 and 7.3. Comparing the empirical results of the developed and 
developing country groups, some interesting observations can be made. First, the impact of 
pollution on trade varies considerably across the two country groups. Comparing the 
estimated results of Model (1) in Table 7.2 and 7.3, it is obvious that  emission has a 
negative but insignificant impact on intermediate goods exports of developed countries. 
However, in contrast,  emission has a positive and significant impact on developing 
2CO
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country’s intermediate goods exports. The same applies, when the total exports are used as 
measure of trade (see the estimated Model (2) in Tables 7.2 and 7.3). This result appears to be 
consistent with the pollution haven hypothesis, suggesting that with increasing global 
competition developing countries are using laxer environmental policies than developed 
countries (Dasgupta et al., 2002; Arouri et al., 2012) to gain comparative advantage.  
The second point worth mentioning is the effect of GDP on trade. Proponents of the 
trade gravity model believe that GDP is an important indicator of economic mass and it has a 
positive and statistically significant impact on trade. This point is empirically supported by 
the results presented in Tables 7.2, where the impact of GDP on trade is significantly positive 
across all measures of trade in developed countries. However, in the case of the developing 
countries group shown in Table 7.3, the impact of GDP on exports and aggregate trade is 
statistically insignificant. This conclusion is somewhat surprising. However, it can be 
explained by the Export Oriented Industrialization (EOI) policy implemented in some 
developing countries of East Asia. In countries like China and Vietnam, local firms that 
export receive preferential treatment from the government. As a result, export growth can 
exceed the GDP growth (Ariff and Hill, 2011; Yang, 2012 & 2014). 
Another point, which is relatively trivial but nevertheless interesting, is the impact of 
telephone penetration rate on exports. Comparing the results of developed countries and 
developing countries, it seems that landlines play a relatively more important role in 
promoting trade in developing countries. This could be explained by the fact that, as Internet 
use is rapidly growing, developed countries rely more on E-commence. However, developing 
countries still mainly rely on traditional means of communication, such as landlines.   
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      Table 7.2  OLS estimation of trade gravity model for developed countries 
 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Independent 
variables 
 
Dependent variable 
Intermediate  
exports 
Total  
exports 
Intermediate  
imports 
Total 
imports 
Intermediate 
trade 
Total  
trade 
GDP 0.516*** 0.537*** 0.324** 0.592*** 0.445*** 0.582*** 
 
(0.129) (0.115) (0.132) (0.113) (0.107) (0.0898) 
Partner GDP 0.685*** 0.801*** 0.383*** 0.436*** 0.475*** 0.567*** 
 
(0.129) (0.115) (0.142) (0.122) (0.113) (0.0949) 
CO2 -0.108 -0.0374 
  
0.0267 0.0237 
 
(0.0992) (0.0882) 
  
(0.0824) (0.0694) 
Partner CO2 
  
0.211* 0.268*** 0.359*** 0.280*** 
   
(0.112) (0.0961) (0.0893) (0.0752) 
telephone 0.0126 0.0999 0.827*** 0.650** 0.361 0.334 
 
(0.311) (0.276) (0.302) (0.259) (0.257) (0.217) 
Partner 
telephone 0.247*** 0.206*** 0.200*** 0.152** 0.112* 0.119** 
 
(0.0687) (0.0611) (0.0772) (0.0663) (0.0613) (0.0516) 
Common 
language 
dummy -0.0347 -0.0273 -0.377*** -0.283*** -0.185*** -0.166*** 
 
(0.0653) (0.0580) (0.0680) (0.0584) (0.0540) (0.0455) 
Neighbourhood 
dummy 0.285** 0.100 0.124 -0.000425 0.204* 0.0192 
 
(0.137) (0.122) (0.143) (0.122) (0.113) (0.0953) 
distance -0.562*** -0.632*** -0.452*** -0.454*** -0.499*** -0.537*** 
 
(0.0403) (0.0358) (0.0420) (0.0360) (0.0333) (0.0281) 
Country 
individual 
dummy Yes Yes Yes Yes Yes Yes 
Trading partner 
individual 
dummy Yes Yes Yes Yes Yes Yes 
Year dummy Yes Yes Yes Yes Yes Yes 
Constant -5.964 -9.188** -0.552 -8.531* -5.023 -9.212** 
 
(5.171) (4.599) (5.169) (4.436) (4.276) (3.602) 
Observations 896 896 896 896 896 896 
R-squared 0.854 0.892 0.866 0.906 0.897 0.933 
        Note: Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10 
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Table 7.3  OLS estimation of trade gravity model for developing countries 
 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Independent 
variables 
 
Dependent variable 
Intermediate  
exports 
Total  
export 
Intermediate  
imports 
Total 
imports 
Intermediate 
goods trade 
Total  
trade 
GDP 0.0554 0.0464 0.858*** 0.847*** 0.205 0.203 
 
(0.213) (0.186) (0.196) (0.181) (0.171) (0.148) 
Partner GDP 0.620*** 0.716*** 0.372*** 0.469*** 0.409*** 0.543*** 
 
(0.129) (0.112) (0.138) (0.128) (0.107) (0.0923) 
CO2 1.157*** 1.015*** 
  
1.195*** 1.062*** 
 
(0.193) (0.169) 
  
(0.155) (0.134) 
Partner CO2 
  
0.328*** 0.252** 0.401*** 0.301*** 
   
(0.108) (0.0996) (0.0834) (0.0721) 
telephone 0.171*** 0.0865 0.252*** 0.218*** 0.116** 0.0882* 
 
(0.0657) (0.0573) (0.0654) (0.0606) (0.0528) (0.0456) 
Partner telephone 0.247*** 0.204*** 0.187** 0.160** 0.129** 0.115** 
 
(0.0729) (0.0636) (0.0824) (0.0764) (0.0639) (0.0552) 
Common 
language dummy -0.388*** -0.340*** -0.0946 -0.149** -0.225*** 
-
0.257*** 
 
(0.0754) (0.0658) (0.0781) (0.0724) (0.0605) (0.0523) 
Neighbourhood 
dummy 0.325*** 0.252*** 0.0781 0.0215 0.191*** 0.143** 
 
(0.0854) (0.0745) (0.0884) (0.0819) (0.0685) (0.0592) 
distance -0.351*** -0.372*** -0.464*** 
-
0.493*** -0.415*** 
-
0.438*** 
 
(0.0492) (0.0429) (0.0509) (0.0472) (0.0394) (0.0341) 
Country 
individual dummy Yes Yes Yes Yes Yes Yes 
Trading partner 
individual dummy Yes Yes Yes Yes Yes Yes 
Year dummy Yes Yes Yes Yes Yes Yes 
Constant -12.60** -11.32** -12.94** -13.70** -14.25*** 
-
13.74*** 
 
(6.295) (5.494) (6.522) (6.045) (5.056) (4.368) 
Observations 1,058 1,058 1,058 1,058 1,058 1,058 
R-squared 0.868 0.908 0.861 0.877 0.902 0.931 
Note: Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10 
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7.3 Estimation results of panel data  
In section 7.2, the estimated results of OLS were presented and discussed. These 
results suggest that the impact of pollution on intermediate goods trade can be different from 
its impact on total trade. In this section, the impact of pollution on trade in intermediate goods 
is further investigated using panel fixed effects (FE) and panel random effects (RE) models. 
Instead of country individual effects that are taken into account in OLS estimation, the 
country-pair effects are considered in this section. Panel data estimation allows one to take 
unobserved country-pair effects that are time-invariant into account. The difference between 
FE and RE specification is rooted in the assumption about the nature of the unobserved 
individual effects, i.e., the country-pair effect in this thesis – if the unobserved individual 
effects are uncorrelated with the explanatory variables and the sample is randomly drawn 
from a large population, RE estimation is appropriate; otherwise FE estimation is preferred. 
The Hausman test is used to choose between the FE and RE estimation techniques. It is 
suggested that when country or state level data are used, FE methods can provide the best 
results (Wooldridge, 2012). This principle does not work well however, where the panels are 
country-pairs instead of an individual country. Based on the Hausman test results, it seems 
that RE estimation technique is the most appropriate. However, as shown in Tables 7.4 to 7.6, 
there is a very small difference between the results of FE and RE estimators. Specifically, in 
both cases, the signs of the estimated coefficients and the corresponding p-values are similar. 
In this section, using panel FE and RE estimation techniques, an in-depth analysis of 
the impact of 2CO  pollution on three measures of trade in East Asia is presented followed by 
a focus on the role of the level of economic development. This involves estimating the model 
using the developed and developing country group sub-samples. 
7.3.1 Impact of pollution on trade – Panel data analysis of the case of East Asia 
Table 7.4 presents the estimated results for East Asia. It is worth mentioning that, in 
panel FE estimation, the effect of variables that are time-invariant such as a common 
language and neighbourhood, is embedded into the constant term. Nevertheless, the main 
concern is the effect of pollution on trade that varies over time and is not affected by the 
demeaning operations that are used to remove the unobserved time-invariant effects.  
The empirical results concerning the impact of pollution on trade in intermediate 
goods in East Asia are presented in Table 7.4. Given that variables are in logarithmic form, 
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the estimated coefficients of  pollution and partner’s  pollution, measure the 
elasticity of pollution on trade. The results presented in Table 7.4 suggest that, after 
controlling for the country-pair effect, pollution has a positive and statistically significant 
impact on the intermediate goods exports from East Asia. The estimated results presented in 
column 1 (i.e., Model 1) indicate that a 1 per cent increase in pollution leads to around 0.096 
per cent increase in East Asia’s intermediate goods exports. The estimated coefficient of  
in Model 2 is positive and statistically significant, suggesting pollution leads to an increase in 
total exports from East Asia. Comparing the estimated results of Model 1 and Model 2, the 
estimated elasticity of intermediate goods exports with respect to pollution is smaller than the 
estimated elasticity of total exports with respect to pollution. This suggests that pollution, as 
an environmental input, contributes more to total exports than to intermediate goods exports 
from East Asia. This result could be attributed largely to labour-intensive assembling (that is 
relatively less pollution intensive), which involves a significant proportion of East Asian 
intermediate goods exports. 
Model 3 in Table 7.4, shows that the trading partner’s pollution has a positive and 
statistically significant impact on East Asian imports of intermediate goods as well as total 
imports. The estimated elasticity of intermediate goods imports with respect to the trading 
partner’s pollution is higher than the elasticity of the total imports with respect to trading 
partner’s pollution. Specifically, a 1 per cent increase in trading partner’s pollution leads to 
0.253 per cent increase in East Asia’s imports of intermediate goods and 0.237 per cent 
increase in total imports. These results confirm that pollution in East Asia’s trading partners 
makes a positive contribution to trade as measured by imports. 
In terms of the aggregate trade, as shown in the estimated Models (5) and (6), both 
country emission and trading partner’s emission, have a significant and positive 
impact on aggregate trade in intermediate goods. This result is reasonable – aggregate trade 
in intermediate goods consists of exports and imports. Since pollution has a positive and 
statistically significant impact on both exports and imports of intermediate goods, its impact 
on the sum of the two components must also be positive and statistically significant.
2CO 2CO
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Table 7.4  Panel estimation of trade gravity model for East Asia 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Independent 
variables 
Dependent variable 
Intermediate  exports 
 
Total exports 
 
Intermediate imports Total imports Intermediate trade Total trade 
 FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 0.422*** 0.421*** 0.433*** 0.433*** 0.300*** 0.300*** 0.481*** 0.481*** 0.308*** 0.308*** 0.421*** 0.420*** 
 (0.0656) (0.0656) (0.0575) (0.0576) (0.0555) (0.0554) (0.0513) (0.0513) (0.0498) (0.0497) (0.0462) (0.0462) 
Partner GDP 0.614*** 0.614*** 0.753*** 0.753*** 0.376*** 0.375*** 0.486*** 0.485*** 0.422*** 0.422*** 0.557*** 0.557*** 
 (0.0654) (0.0654) (0.0573) (0.0574) (0.0594) (0.0593) (0.0549) (0.0549) (0.0519) (0.0518) (0.0482) (0.0481) 
CO2 
0.0958** 0.0960** 
0.134 
*** 0.135*** 
    
0.193 
*** 
0.193 
*** 
0.166 
*** 0.166*** 
 (0.0463) (0.0463) (0.0406) (0.0407) 
    
(0.0353) (0.0353) (0.0328) (0.0328) 
Partner CO2 
    
0.253*** 0.253*** 0.237*** 0.237*** 0.372*** 0.372*** 0.304*** 0.304*** 
 
    
(0.0468) (0.0468) (0.0433) (0.0433) (0.0411) (0.0411) (0.0381) (0.0381) 
telephone 0.333*** 0.333*** 0.221*** 0.222*** 0.455*** 0.454*** 0.381*** 0.381*** 0.327*** 0.327*** 0.266*** 0.266*** 
 (0.0368) (0.0368) (0.0323) (0.0323) (0.0291) (0.0291) (0.0269) (0.0269) (0.0280) (0.0279) (0.0259) (0.0259) 
Partner 
telephone 0.226*** 0.226*** 0.193*** 0.193*** 0.163*** 0.163*** 0.110*** 0.110*** 0.111*** 0.111*** 0.0962*** 0.0962*** 
 (0.0362) (0.0362) (0.0317) (0.0318) (0.0341) (0.0340) (0.0315) (0.0315) (0.0298) (0.0298) (0.0276) (0.0276) 
Common 
language 
 
-0.0548 
 
-0.0615 
 
-0.00392 
 
0.0250 
 
-0.0284 
 
-0.0368 
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(0.210) 
 
(0.185) 
 
(0.201) 
 
(0.186) 
 
(0.157) 
 
(0.135) 
Neighbourhood 
 
0.348 
 
0.231 
 
0.212 
 
0.0732 
 
0.274 
 
0.155 
 
 
(0.239) 
 
(0.210) 
 
(0.229) 
 
(0.212) 
 
(0.178) 
 
(0.153) 
Distance 
 
-0.360 
*** 
 
-0.433 
*** 
 
-0.379 
*** 
 
-0.470 
*** 
 
-0.37 
3*** 
 
-0.456 
*** 
 
 
(0.114) 
 
(0.0997) 
 
(0.109) 
 
(0.101) 
 
(0.0845) 
 
(0.0727) 
Country 
individual 
dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Trading partner 
individual 
dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant -8.941 
*** 
-6.952 
** 
-12.54 
*** 0 -1.612 1.531 
-8.296 
*** 0 
-5.761 
*** 0 
-10.44 
*** 0 
 (2.444) (2.741) (2.142) (0) (2.119) (2.423) (1.961) (0) (1.857) (0) (1.723) (0) 
Observations 1,364 1,364 1,364 1,364 1,364 1,364 1,364 1,364 1,364 1,364 1,364 1,364 
R-squared 0.774 
 
0.816 
 
0.815 
 
0.842 
 
0.853 
 
0.873 
 Number of pair 
id 108 108 108 108 108 108 108 108 108 108 108 108 
Fixed or 
random effect FE RE FE RE FE RE FE RE FE RE FE RE 
Hausman test  Prob > chi2 =1.0000 Prob > chi2 =  
0.9996 
Prob > chi2 =      
0.9998 
Prob > chi2 =  0.9948  Prob > chi2 = 0.9997 Prob > chi2 = 0.9808 
Note: Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1    
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The estimated results presented in Table 7.4 also suggest that, both a country as well 
as its trading partner’s GDP have a positive and statistically significant impact on trade in 
East Asia. This conclusion is robust across alternative measures of trade. This implies that the 
size of the economies, as suggested by the traditional trade gravity theory, is an important 
determinant of trade. Telephone penetration of a country and its trading partner also makes a 
positive and statistically significant contribution to trade in East Asia. This result confirms 
the importance of modern telecommunication in prompting international trade.  It seems that 
the impact of time-invariant factors such as a common language and shared border on trade in 
East Asia is insignificant. While the distance between two countries is an important 
determinant of trade, as the estimated coefficients of the distance in Table 7.4 are all negative 
and significant, the impact of distance on intermediate goods exports is lower than its impact 
on total exports (see the estimated coefficients in Models 1 and 2). A similar conclusion holds 
when trade is measured by intermediate goods imports and aggregate trade. This result 
appears to be consistent with the fact that East Asian countries are gradually focusing on 
high-tech components that are lighter and smaller. Accordingly, the impact of the distance on 
trade in intermediate goods is relatively smaller than its impact on total trade, which also 
includes the final goods. 
7.3.2 Impact of pollution on trade – Panel data analysis of the case of developed and 
developing Countries 
The empirical results concerning panel data estimation of the cases of the developed 
and developing countries respectively are presented in Tables 7.5 and Table 7.6. This allows 
an examination of whether or not the impact of 2CO  pollution on trade in intermediate goods 
is affected by the level of economic development. By doing so, it is possible to test for the 
role of economic development in environment-trade nexus, one of the main concerns of this 
thesis. 
The empirical results presented in Table 7.5 reveal that pollution leads to a significant 
decline in intermediate goods exported from developed countries. The estimated coefficient 
of in Model 1 suggests that a 1 per cent increase in pollution leads to 0.115 per cent 
decrease in intermediate goods exported from developed countries. This result is somewhat 
surprising because pollution in the theoretical model is viewed as a type of input used in the 
production process, which is associated with an increase in production and hence exports. 
However, developed countries tend to adopt a relatively stricter environmental policy to 
2CO
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control pollution. Ceteris paribus, strict environmental policy arising from rising pollution 
will decrease production and hence the exports of intermediate goods. This explanation is 
consistent with the case of developing counties reported in Table 7.6. The coefficient of  
of Model 1 in Table 7.6 suggests that a 1 per cent increase in pollution in developing 
countries leads to 1.168 per cent increase in the exports of intermediate goods from 
developing countries. Compared with developed countries, government environmental policy 
in developing countries is relatively lax. As economic growth is the main priority of 
developing countries, higher pollution does not change the way environmental policy is 
implemented and hence the industrial output remains largely unaffected. 
The empirical results presented in Table 7.5 and Table 7.6 suggest that pollution in 
the trading partners can have a positive and statistically significant impact on the intermediate 
goods imports. This conclusion holds for both country groups. This result is not surprising. 
As the production process becomes more pollution intensive, it makes sense for both 
developed and developing countries to import such goods. 
The empirical results presented in Tables 7.5 and 7.6 also highlight the role of GDP in 
intermediate goods trade. The impact of GDP on intermediate goods exports is positive and 
significant in the case of developed countries, however, in the case of developing countries, 
this relationship is statistically insignificant. These results are consistent with the results of 
OLS estimation discussed earlier in this chapter. In the early stages of economic development, 
the developing countries of East Asia tend to adopt an EOI policy. This leads to high growth 
in the export-oriented sector, which is not proportional to the country’s economic mass. 
While telephone accessibility is an important determinant of a developing country’s exports, 
its impact on developed country exports is insignificant, which could be attributed to the 
increased reliance on the internet in developed countries. Like the estimated results for East 
Asia, the impact of common language and neighbourhood on trade in the case of both 
developed and developing countries is statistically insignificant; however, distance between 
trading partners is an important determinant of trade. 
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Table 7.5  Panel estimation of trade gravity model for developed countries 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
 
 
Independent variables 
 
Dependent variable 
Intermediate exports Total exports Intermediate imports Total imports Intermediate trade Total trade 
 FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 0.529*** 0.529*** 0.544*** 0.544*** 0.314*** 0.314*** 0.584*** 0.584*** 0.451*** 0.451*** 0.583*** 0.583*** 
 (0.064) (0.064) (0.056) (0.0557) (0.057) (0.057) (0.056) (0.056) (0.053) (0.053) (0.051) (0.051) 
Partner GDP 0.692*** 0.692*** 0.812*** 0.811*** 0.377*** 0.377*** 0.444*** 0.444*** 0.472*** 0.472*** 0.575*** 0.575*** 
 (0.065) (0.065) (0.056) (0.056) (0.061) (0.061) (0.060) (0.060) (0.056) (0.056) (0.054) (0.054) 
CO2 -0.115** -0.115** -0.0530 -0.0527 
  
  0.377*** 0.377*** 0.280*** 0.280*** 
 (0.050) (0.049) (0.043) (0.043) 
  
  (0.044) (0.044) (0.043) (0.043) 
Partner CO2 
    
0.234*** 0.233*** 0.266*** 0.266*** 0.0211 0.0212 0.0101 0.0105 
 
    
(0.049) (0.048) (0.048) (0.048) (0.041) (0.041) (0.0405) (0.039) 
telephone 0.0268 0.0265 0.0999 0.0999 0.860*** 0.860*** 0.655*** 0.655*** 0.392*** 0.391*** 0.339*** 0.339*** 
 (0.155) (0.155) (0.135) (0.134) (0.130) (0.130) (0.128) (0.128) (0.128) (0.127) (0.123) (0.123) 
Partner telephone 0.260*** 0.260*** 0.213*** 0.213*** 0.201*** 0.200*** 0.134*** 0.135*** 0.117*** 0.117*** 0.114*** 0.114*** 
 (0.034) (0.034) (0.030) (0.030) (0.033) (0.033) (0.033) (0.033) (0.031) (0.030) (0.029) (0.029) 
Common language 
 
-0.053 
 
-0.033 
 
-0.398 
 
-0.283 
 
-0.205 
 
-0.168 
 
 
(0.245) 
 
(0.218) 
 
(0.262) 
 
(0.218) 
 
(0.202) 
 
(0.163) 
Neighbourhood 
 
0.237 
 
0.0561 
 
0.106 
 
-0.00783 
 
0.167 
 
-0.00585 
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(0.519) 
 
(0.462) 
 
(0.554) 
 
(0.462) 
 
(0.426) 
 
(0.344) 
Distance 
 
-0.589 
*** 
 
-0.654 
*** 
 
-0.466 
*** 
 
-0.460 
*** 
 
-0.521 
*** 
 
-0.549 
*** 
 
 
(0.150) 
 
(0.134) 
 
(0.161) 
 
(0.134) 
 
(0.124) 
 
(0.0999) 
Country individual 
dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Trading partner 
individual dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant -10.33 
*** 
-6.225 
** 
-14.47 
*** 
-9.325 
*** -3.764 -0.351 
-11.89 
*** 
-8.439 
*** 
-9.354 
*** 
-5.190 
** 
-13.6 
1*** 
-9.193 
*** 
 (2.654) (2.976) (2.303) (2.600) (2.286) (2.735) (2.245) (2.557) (2.182) (2.447) (2.107) (2.272) 
Observations 896 896 896 896 896 896 896 896 896 896 896 896 
R-squared 0.760 
 
0.816 
 
0.781 
 
0.788 
 
0.822 
 
0.833 
 Number of pair id 72 72 72 72 72 72 72 72 72 72 72 72 
Fixed or random 
effect FE RE FE RE FE RE FE RE FE RE FE RE 
Hausman  Prob>chi2 =     1.0000  Prob>chi2 =    1.0000  Prob>chi2 =      1.0000  Prob>chi2 =    1.0000  Prob>chi2 =    1.0000 Prob>chi2 =    1.0000 
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 7.6  Panel estimation of trade gravity model for developing countries 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
 
Independent 
variables 
Dependent variables 
Intermediate exports Total exports Intermediate imports Total imports Intermediate trade Total trade 
 FE RE FE RE FE RE FE RE FE RE FE RE 
GDP 0.0852 0.0850 0.0943 0.0933 0.879*** 0.880*** 0.868*** 0.868*** 0.219** 0.220** 0.225** 0.225** 
 (0.124) (0.124) (0.115) (0.114) (0.111) (0.111) (0.105) (0.105) (0.0974) (0.0972) (0.0948) (0.0945) 
Partner GDP 0.622*** 0.622*** 0.727*** 0.727*** 0.382*** 0.382*** 0.482*** 0.482*** 0.419*** 0.419*** 0.559*** 0.559*** 
 (0.0744) (0.0743) (0.0689) (0.0688) (0.0784) (0.0782) (0.0741) (0.0740) (0.0606) (0.0605) (0.0590) (0.0589) 
CO2 1.168*** 1.168*** 1.000*** 1.000*** 
  
  1.217*** 1.216*** 1.066*** 1.065*** 
 (0.112) (0.112) (0.104) (0.104) 
  
  (0.0883) (0.0881) (0.0859) (0.0857) 
Partner CO2 
    
0.322*** 0.322*** 0.245*** 0.245*** 0.398*** 0.398*** 0.297*** 0.297*** 
 
    
(0.0611) (0.0609) (0.0578) (0.0577) (0.0473) (0.0472) (0.0460) (0.0459) 
telephone 0.166*** 0.166*** 0.0739** 0.0745** 0.254*** 0.254*** 0.218*** 0.218*** 0.117*** 0.117*** 0.0835*** 0.0838*** 
 (0.0381) (0.0380) (0.0352) (0.0352) (0.0372) (0.0371) (0.0352) (0.0351) (0.0300) (0.0299) (0.0292) (0.0291) 
Partner telephone 0.242*** 0.242*** 0.199*** 0.199*** 0.196*** 0.196*** 0.170*** 0.170*** 0.133*** 0.133*** 0.118*** 0.118*** 
 (0.0422) (0.0421) (0.0391) (0.0390) (0.0468) (0.0467) (0.0443) (0.0442) (0.0362) (0.0362) (0.0353) (0.0352) 
Common language 
 
-0.397 
 
-0.342 
 
-0.0922 
 
-0.150 
 
-0.230 
 
-0.260 
 
 
(0.261) 
 
(0.219) 
 
(0.276) 
 
(0.252) 
 
(0.214) 
 
(0.173) 
Neighbourhood 
 
0.311 
 
0.235 
 
0.0476 
 
-0.00648 
 
0.168 
 
0.120 
 
 
(0.294) 
 
(0.247) 
 
(0.311) 
 
(0.284) 
 
(0.241) 
 
(0.195) 
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Distance 
 
-0.372** 
 
-
0.394*** 
 
-
0.503*** 
 
-
0.527*** 
 
-
0.444*** 
 
-0.465*** 
 
 
(0.173) 
 
(0.146) 
 
(0.183) 
 
(0.167) 
 
(0.142) 
 
(0.115) 
Country individual 
dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Trading partner 
individual dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 
-13.91*** 
-
13.43*** 
-
14.06*** 
-
12.45*** -17.30*** 0 
-
18.17*** 0 
-
16.41*** 0 -16.56*** 0 
 (3.471) (3.975) (3.213) (3.628) (3.534) (0) (3.343) (0) (2.735) (0) (2.661) (0) 
Observations 1,058 1,058 1,058 1,058 1,058 1,058 1,058 1,058 1,058 1,058 1,058 1,058 
R-squared 0.812 
 
0.833 
 
0.805 
 
0.826 
 
0.873 
 
0.881 
 Number of pair id 84 84 84 84 84 84 84 84 84 84 84 84 
Fixed or random 
effect FE RE FE RE FE RE FE RE FE RE FE RE 
Hausman 
 Prob>chi2 =    1.0000 Prob>chi2 =   1.0000  Prob>chi2 =      0.9997 
Prob>chi2 =     
0.9995 Prob>chi2 =  1.0000 Prob>chi2 =      0.9999 
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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7.4 Estimation results of Dynamic Panel Data (DPD) 
To this point, the impact of 2CO  pollution on trade in intermediate goods has been 
evaluated by means of OLS and panel regressions. However, it can be argued that models 
estimated so far are subject to a potential endogeneity problem. In order to check the 
robustness of estimation results and correct for the potential endogeneity, the relationship 
between trade in intermediate goods and pollution is re-evaluated by means of a DPD 
approach.29  
DPD estimation involves the use of instruments. This thesis uses a one period lag of 
the dependent variable (for example, trade in intermediate goods) as an instrument. The 
choice is appropriate because the previous year’s trade can be viewed as exogenous but it is 
correlated with the explanatory variable.  Additionally, both difference and system GMM 
approaches with one-step and two-step estimations are adopted in estimations.30  
7.4.1 DPD estimation – The case of East Asia 
DPD estimation results for East Asia (where the intermediate goods trade is measured, 
respectively, by exports, imports and aggregate trade) are reported in Tables 7.7 to 7.9.  Each 
model is estimated by difference GMM (one and two-step estimators) and system GMM (one 
step and two-step estimators). The Sargan test and Hansen test for over-identifying 
restrictions are used.  This allows testing of whether or not the model specification is 
appropriate. The null hypothesis of the Sargan and Henson tests is that over-identifying 
restrictions are valid (i.e., the instruments are exogenous and not related to the error term). 
The Sargan test and Hansen test focus on the robustness of estimation and weakness of 
instruments respectively. As discussed in Chapter 5, system GMM provides better results 
when the sample size is small, which can give rise to the problem of weak instruments. While 
the system GMM is preferred, this thesis also reports the results of difference GMM 
estimation for reference purposes. 
 The DPD approach investigates the dynamic effect of trade in intermediate goods as 
well as the impact of pollution on trade in a dynamic setting. Table 7.7 shows the estimation 
results when exports are used as a measure of trade.  Columns (1) to (4) contain the estimated 
results when trade is measured by the intermediate goods exports, whereas columns (5) to (8) 
                                                 
29 For a discussion of the endogeneity and omitted variable problems, see Chapter 5. 
 
30 Details about difference and system GMM, see Chapter 5. 
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contain the estimated results for trade measured by total exports. The estimated results show 
that an increase in pollution leads to an increase in East Asia’s intermediate goods exports 
and this effect is statistically significant. The estimated coefficient of 2CO  in column (4) of 
Table 7.7 suggests that a 1 percent increase in pollution leads to 0.0416 percent increase in 
intermediate goods exports from East Asia. The estimated results reported in columns (5) to 
(8), when total export is used as the dependent variable, suggest that the estimated coefficient 
of 2CO  is positive and significant in the case of both one-step as well as two-step GMM 
estimation, as reported in columns (7) and (8).  In other words, there seems to be clear 
evidence that pollution makes a positive contribution to total exports in East Asia. 
The estimation results with regard to the exports of East Asia’s intermediate goods 
also show that the impact of GDP on intermediate goods exports is insignificant when the 
dynamic effect of intermediate goods exports is taken into account. This could be attributed 
to strong correlation between the current period exports and the previous period exports. 
Another point worth mentioning is that the impact of telephone accessibility is still positive 
and statistically significant. The estimation results suggest that a 1 percent increase in 
telephone accessibility leads to 0.0401 percent increase in intermediate goods exports. 
However, the estimated results for developed and developing country groups reported in the 
next section suggest that the impact of telephone (landlines) on exports in the case of the 
developed country group is statistically insignificant. 
The empirical results concerning the impact of pollution on intermediate goods 
imports of East Asia are presented in Table 7.8. While the impact of the trading partner’s 
pollution on East Asia’s exports was statistically significant, in the case of imports, the effect 
is statistically insignificant when system GMM estimation technique is used (see columns 3 
and 4 in Table 7.8). At the same time, the impact of the own GDP as well as trading partner’s 
GDP on East Asia’s imports of intermediate goods is statistically insignificant when system 
GMM estimation technique is used. This can be attributed to a strong correlation between the 
current period and the previous period’s imports, which have affected some of the results.  
However, when one step difference estimation technique is used, the impact of the own GDP 
as well as the trading partner’s GDP on East Asia’s total imports is positive and statistically 
significant. Based on the results reported, it appears that, in a dynamic setting, one step 
difference GMM estimation techniques can provide the best results.   
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Finally, Table 7.9 shows the estimated results in a dynamic setting when the value of 
exports plus imports is used as a measure of trade. Table 7.9 also takes into account both the 
own and trading partner’s pollution. The empirical results suggest that both the own as well 
the trading partner’s pollution have a positive and statistically significant impact on the 
aggregate trade in intermediate goods. However, the trading partner’s pollution seems to have 
a relatively higher impact on trade. The estimated coefficients of the own and trading 
partner’s 2CO  reported in column (4) of Table 7.9 suggest that a 1 per cent increase in the 
own 2CO  pollution leads to 0.056 per cent increase in aggregate trade in intermediate goods, 
but the impact of a 1 per cent increase in trading partner’s 2CO  pollution on East Asia’s 
aggregate trade in intermediate goods is 0.0848 per cent. 
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Table 7.7  Dynamic panel estimation of East Asia’s exports 
 
(1) (2) (3) (4) (5) (6) (7) (8) 
Dependent variable Intermediate goods export Total export 
Estimation 
specification 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Lag.intermediate 
export 0.682*** 0.664*** 0.914*** 0.918*** 
    
 
(0.0546) (0.128) (0.0189) (0.0161) 
    Lag.total export 
    
0.701*** 0.680* 0.889*** -0.160*** 
     
(0.0489) (0.381) (0.0173) (0.0436) 
GDP 0.0164 0.0222 -0.0202 -0.0179 0.0675 0.0701 -0.00908 -0.00436 
 
(0.0909) (0.0803) (0.0135) (0.0183) (0.0735) (0.445) (0.0102) (0.0201) 
Partner’s GDP 0.104 0.115 0.0213*** 0.0220*** 0.215*** 0.194 0.0300*** 0.0287*** 
 
(0.0810) (0.0944) (0.00588) (0.00750) (0.0643) (0.474) (0.00586) (0.00920) 
CO2 0.0100 -0.00449 0.0456*** 0.0416*** -0.0255 0.00483 0.0464*** 0.0433*** 
 
(0.0642) (0.0553) (0.00898) (0.0136) (0.0502) (0.0812) (0.00679) (0.0152) 
telephone 0.126*** 0.135*** 0.0511*** 0.0401*** 0.0800** 0.0745 0.0653*** 0.0588*** 
 
(0.0461) (0.0359) (0.0124) (0.0153) (0.0352) (0.331) (0.0114) (0.0150) 
Partner’s telephone -0.00464 0.0145 0.00874 0.00412 0.0862** 0.0834 0.0298*** 0.0269* 
 
(0.0515) (0.0561) (0.00965) (0.0135) (0.0399) (0.157) (0.00913) (0.0154) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 3.223 3.272 1.248*** 1.172*** -1.012 -0.406 1.359*** 1.271*** 
 
(2.790) (2.803) (0.212) (0.341) (2.239) (11.08) (0.167) (0.336) 
Observations 1,128 1,128 1,256 1,256 1,128 1,128 1,256 1,256 
Number of pairid 108 108 108 108 108 108 108 108 
Sargan test chi2(65) = 71.568  chi2(76) = 85.79 chi2(76) = 85.79 chi2(65)=146.276  chi2(76) =171.07   chi2(76) = 171.07   
p-value 
Prob > chi2  = 
0.2690  
Prob > chi2 =  
0.207 
Prob > chi2 = 
0.207 
 Prob > chi2 = 
0.0000  
Prob > chi2 =  
0.000 
 Prob > chi2 =  
0.000 
Hansen test 
   
chi2(76)   =  89.74 
  
chi2(76)   =  90.57  
132 
 
p-value 
   
Prob > chi2 =  0.134 
  
Prob > chi2 =  
0.122 
Note: Standard errors (S.E.) in parentheses. *** p<0.01, ** p<0.05, * p<0.1.  
 
 
Table 7.8  Dynamic panel estimation of East Asia’s imports 
 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dependent variable Intermediate goods import Total import 
Estimation 
specification 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Lag.intermediate 
import 0.533*** 0.553*** 0.975*** 0.976*** 
    
 
(0.0556) (0.0807) (0.0199) (0.0267) 
    Lag.total import 
    
0.582*** 0.607 0.954*** 0.953*** 
     
(0.0576) (3.457) (0.0175) (0.0194) 
GDP 0.0179 0.00244 0.0113 0.0104 0.169** 0.138 0.0171** 0.0161 
 
(0.0753) (0.0807) (0.00807) (0.0110) (0.0682) (1.639) (0.00705) (0.0107) 
Partner’s  GDP 0.107 0.156** 0.00667 0.00185 0.138** 0.165 -0.000548 -0.00575 
 
(0.0713) (0.0701) (0.0263) (0.0378) (0.0642) (0.518) (0.0205) (0.0293) 
Partner’s CO2 0.134** 0.136** -0.00420 0.00210 0.132** 0.115 0.00967 0.0139 
 
(0.0647) (0.0567) (0.0256) (0.0357) (0.0568) (0.966) (0.0198) (0.0268) 
telephone 0.168*** 0.174*** 0.00143 -0.000138 0.108*** 0.0925 0.0149 0.0147 
 
(0.0398) (0.0501) (0.0118) (0.0178) (0.0360) (0.505) (0.0106) (0.0149) 
Partner telephone 0.0261 0.0347 -0.00578 -0.00713 0.0285 0.0288 0.00722 0.00740 
 
(0.0443) (0.0620) (0.0155) (0.0179) (0.0379) (0.195) (0.0127) (0.0128) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 4.667* 3.288 0.404 0.475 -1.055 -1.213 0.685** 0.828** 
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(2.413) (2.389) (0.370) (0.492) (2.040) (34.78) (0.292) (0.404) 
Observations 1,128 1,128 1,256 1,256 1,128 1,128 1,256 1,256 
Number of pairid 108 108 108 108 108 108 108 108 
Sargan test 
chi2(65) = 
157.8192 
chi2(76)= 
215.40   
chi2(76)= 
215.40   chi2(76)= 215.40   
chi2(65) =  
157.1842 
chi2(76)= 
220.87   chi2(76)= 220.87   
chi2(65) = 
157.8192 
P-value 
Prob > chi2  =  
0.0000 
Prob > chi2 = 
0.000 
Prob > chi2 = 
0.000 
Prob > chi2 =  
0.000 
 Prob > chi2  = 
0.0000 
Prob > chi2 
= 0.000 
Prob > chi2 = 
0.000 
Prob > chi2  =  
0.0000 
Hansen test    chi2(76)= 91.18     chi2(76)= 85.36    
P-value    
Prob > chi2 = 
0.113   
Prob > chi2 = 
0.217  
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
 
Table 7.9  Dynamic panel estimation of East Asia’s aggregate trade 
 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dependent variable Intermediate goods trade Total trade 
Estimation 
specification 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Lag.intermediate trade 0.679*** 0.649 0.952*** 0.956*** 
    
 
(0.0529) (2.094) (0.0154) (0.0153) 
    Lag.total trade 
    
0.657*** 0.645* 0.965*** 0.970*** 
     
(0.0478) (0.378) (0.0136) (0.0194) 
GDP -0.0707 -0.0642 -0.0457*** -0.0425*** 0.0758 0.0786 -0.0475*** -0.0488*** 
 
(0.0674) (1.097) (0.00974) (0.0125) (0.0525) (0.193) (0.00779) (0.0118) 
Partner GDP 0.0674 0.0733 -0.0745*** -0.0740*** 0.196*** 0.185 -0.106*** -0.111*** 
 
(0.0611) (4.256) (0.0171) (0.0213) (0.0470) (1.608) (0.0145) (0.0247) 
CO2 0.0819* 0.0780 0.0605*** 0.0567*** 0.00649 0.0174 0.0569*** 0.0567*** 
 
(0.0469) (1.239) (0.00674) (0.00973) (0.0346) (0.405) (0.00503) (0.00856) 
Partner CO2 0.149*** 0.173 0.0856*** 0.0848*** 0.116*** 0.105 0.113*** 0.116*** 
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 (0.0560) (0.804) (0.0165) (0.0196) (0.0432) (0.101) (0.0133) (0.0235) 
telephone 0.0821** 0.0875 0.0376*** 0.0327** 0.0670*** 0.0650 0.0310*** 0.0287* 
 
(0.0339) (2.770) (0.00976) (0.0131) (0.0239) (1.037) (0.00828) (0.0149) 
Partner telephone -0.0122 0.00478 0.0387*** 0.0378*** 0.0569** 0.0588 0.0482*** 0.0476*** 
 
(0.0386) (1.136) (0.0107) (0.0127) (0.0274) (0.694) (0.00844) (0.0133) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 4.296** 4.332 2.572*** 2.459*** -1.246 -0.668 2.866*** 2.917*** 
 
(1.991) (119.7) (0.289) (0.347) (1.533) (55.77) (0.220) (0.354) 
Observations 1,128 1,128 1,256 1,256 1,128 1,128 1,256 1,256 
Number of pairid 108 108 108 108 108 108 108 108 
Sargan test 
 chi2(65) =  
93.76078 
 
 
chi2(75) = 
110.12   chi2(75)= 110.12   
chi2(65)  =  
189.4807  
chi2(75) = 
220.17   chi2(75)= 220.17   
P-value 
 Prob > chi2  =  
0.0113  
Prob > chi2 = 
0.005 
Prob > chi2 = 
0.005 
 Prob > chi2  =  
0.0000  
 Prob > chi2 = 
0.000 
Prob > chi2 = 
0.000 
Hansen test    chi2(75) = 100.66      chi2(75) = 99.00   
P-value    
Prob > chi2 = 
0.026    
Prob > chi2 = 
0.033 
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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7.4.2 DPD estimation – Developed and developing country groups 
In the case of East Asia, it has been found that the lagged effect of trade in 
intermediate goods is statistically significant. When the self-lagged effect of trade is 
controlled, the impact of pollution on trade varies across alternative measures of trade.  In 
this section, by separately estimating the models for developed and developing countries, I 
aim to focus on the role of the level of economic development.  
Comparing the estimated results of the developed and developing country group31, I 
find some interesting points. The first notable point is the impact of pollution on trade. The 
empirical results presented in Appendix D suggest that the impact of pollution in developed 
countries on intermediate goods exports is statistically insignificant. However, the impact of 
the trading partner’s pollution on developed countries’ imports is mostly positive and 
statistically significant. This result appears to suggest a strong connection between 
environmental regulation and trade – an increase in pollution leads to stricter environmental 
regulation in developed countries, which reduces domestic production and hence increased 
reliance on imports.  
The estimated results also suggest that  pollution has a significant and positive 
impact on developed country group’s aggregate trade in intermediate goods. However, its 
influence on total trade is insignificant. This result confirms the earlier conclusion that impact 
of pollution on intermediate goods trade is different from its effect on total trade in developed 
countries.  
Empirical analysis based on country groups shows that trading partner’s pollution has 
a very different influence on the intermediate goods imports for the two different country 
groups. Exactly speaking, trading partner’s pollution has a positive and statistically 
significant impact on developed countries’ imports of intermediate goods. Specifically, a 1 
per cent increase in trading partner’s pollution leads to 0.062 per cent increase in developed 
country group’s imports of intermediate goods. In contrast, trading partner’s pollution has a 
positive but insignificant impact on intermediate goods imports of the developing countries. 
This suggests that compared to the developing countries, developed countries import more 
pollution-intensive intermediate goods. 
 
                                                 
31 The estimated results are presented Appendix D. 
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Chapter 8 Discussions and Conclusions 
 
8.1 Chapter introduction 
This chapter provides a summary of the thesis. It begins with a brief discussion of the 
research background, including the rationale, aims, theoretical framework, and empirical 
methodologies used to achieve its aims. This is followed by the summary of theoretical 
findings and empirical results of this thesis. Subsequently, the theoretical contributions and 
empirical implications are outlined, and finally, the thesis’ limitations and suggested 
directions for future research are discussed. 
 
8.2 Discussions and summary 
The rapid growth of economic globalization in recent decades coincides with the 
evident increased pace of environmental degradation. Following Grossman and Krueger’s 
seminal work (Grossman and Krueger, 1991) on the relationship between international trade 
and the environment, sizable studies have investigated this connection from both empirical 
and theoretical perspectives. Nevertheless, most of the existing literature is based on the 
analysis of trade in final products, ignoring the fact that international fragmentation-induced 
trade in intermediate goods has developed quickly and become one of the most important 
types of global trade. 
This thesis investigates the relationship between international production 
fragmentation and environmental degradation. Specifically, it focuses on the production 
fragmentation-induced trade in intermediate goods and its association with changes in 
pollution level. This thesis is motivated by recognition of the trend that sees international 
production fragmentation as one of the most important strategies for business. In general, 
firms make decisions on international production fragmentation for business reasons. 
Environmental implications are neither well understood nor taken account of by the private 
sectors. Manufacturers demand environmental input for production purposes while 
governments decide the supply of environmental input by setting environmental regulations. 
In such a setting, the pollution level is in fact jointly determined by governments and the 
private sectors. This thesis therefore connects the two aspects to investigate how international 
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fragmentation of production impacts the environment and examines whether a country’s 
environmental regulation can influence firm-level decisions on production fragmentation and 
further, on trade in intermediate goods.   
This thesis extends the existing literature concerning trade and environment by 
focusing on international production fragmentation, which contributes to an increase in trade 
in intermediate goods. In addition to establishing a link between international trade in 
intermediate goods and environmental pollution using a theoretical model, the relationship 
between growth in trade in intermediate goods and pollution in East Asia is also examined by 
means of empirical techniques. In this section, the theoretical results and empirical findings 
are summarized. 
8.2.1 Summary of theoretical framework 
The theoretical model developed in this thesis is an extension of Copeland and 
Taylor’s general equilibrium model of trade and pollution. International production 
fragmentation is here introduced into the trade-environment framework, in order to 
investigate the link between international trade in intermediate goods and the environment. It 
is argued that international trade in intermediate goods not only has economic implications 
but also affects the environment. In a general equilibrium setting, governments allocate 
tradeable pollution permits to firms, which determine the supply of pollution in the economy. 
As the firms have to pay for the pollution and abatement can reduce the firm’s output, 
pollution is viewed as an additional factor of production. The demand for pollution from the 
private sectors and the supply by governments jointly determine the level at which the 
equilibrium of pollution is defined.  
In a simple general equilibrium setting, economies produce two types of final 
products - one type of final product makes use of labour to assemble varieties of intermediate 
inputs and another type of final product is a numéraire and is produced by labour and capital; 
production of final goods that use varieties of intermediate inputs is characterized by 
monopolistic competition. This simply means the elasticity of substitution between varieties 
of intermediate goods is greater than unity. The production of intermediate goods however, 
mainly uses capital and under the condition of internal increasing return, meaning the average 
cost decreases when the quantity of production increases due the high fixed cost incurred. 
Pollution is generated in the production of intermediate varieties because the production of 
intermediate varieties is capital-intensive. 
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The firm-based analysis shows that higher pollution price, namely, environmental tax, 
will lead to less aggregate pollution via (i) reducing the pollution intensity by encouraging 
firms to take more abatement action; (ii) decreasing the optimal output of each variety of 
intermediate goods in the long term; and (iii) reducing the scale of intermediate industry, i.e., 
the number of firms in intermediate goods production.  
Unlike other production inputs such as labour and capital that are supplied 
exogenously, the supply of pollution quota is not constant. In an endogenous environmental 
regulation framework, the environmental regulation, i.e., the pollution tax rate and/or the 
number of pollution permits, is determined by the government in order to maximize social 
benefit, which is determined by total output in addition to environmental quality. This thesis 
finds that the supply of pollution is positively related to the price of pollution. In addition, the 
equilibrium of pollution levels for a closed economy is determined by the supply of pollution 
which is decided by government and demand for pollution which comes from the private 
sector. 
With the economy transfer from closed economy to free trade, more varieties of 
intermediate goods are available in the production of final products. The price of final 
products that use varieties of intermediate components will decrease due to the monopolistic 
competition of intermediate products. In other words, trade in varieties of intermediate goods 
affects the general equilibrium via change in the number of varieties available to domestic 
producers. An increase in the number of varieties impacts the price of final goods, outputs 
and hence the level of pollution in the economy. Assuming the input coefficients are constant 
allows a focus on the output effect of trade in intermediate goods. This thesis finds that the 
relationship between the number of varieties of intermediate goods produced and the price of 
pollution depends on the elasticity of marginal utility with respect to consumption. 
The theoretical results presented in this thesis suggest that environmental policy 
directly impacts the production of the intermediate goods, which causes pollution. However, 
environmental policy also affects the sectors that do not cause pollution. Trade liberalisation 
increases the varieties of the intermediate goods that enter as inputs into the production of 
final goods, which increases aggregate output of the final goods and subsequently, the 
national income. As environmental quality is a normal good, increase in national income 
leads to higher demand for environment quality.  
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Towards the end of the theoretical analysis, the link between government 
environmental policies and comparative advantage is considered in the theoretical analysis. 
When two countries are identical in every respect, except for differences in their 
environmental policies, the country with a relatively stricter environmental policy is found to 
be a net importer of varieties of intermediate goods that cause pollution. In other words, the 
countries that have relatively strict environmental policy import dirty products. 
 8.2.2 Findings across empirical research questions and hypotheses 
The results of the theoretical model have been empirically tested using East Asia and 
extended country groups as a case study. Based on the theoretical analysis and literature 
review, three empirical research questions are subsequently proposed and answered by testing 
the hypotheses.  
The empirical research question 1 ‘Does growth in trade in intermediate goods lead 
to environmental degradation?’ is answered using an empirical analysis of an augmented 
EKC model. Specifically, trade in intermediate goods is estimated as an additional 
explanatory variable in an EKC equation. This extension allows an examination of the impact 
on pollution of trade in intermediate goods. Trade in intermediate goods have been measured 
in at least three ways: volume of imports, volume of exports and aggregate trade in 
intermediate goods (i.e., exports plus imports). Furthermore, the EKC model can be linear in 
per capita GDP, quadratic in per capita GDP or cubic in per capita GDP. Each of these 
models is estimated using both the fixed effects (FE) and random effects (RE) estimation 
techniques.   
The empirical results suggest that the impact of intermediate goods imports as well as 
the impact of total imports (i.e., intermediate good plus non-intermediate goods) on pollution 
in East Asia is negative but statistically insignificant. This implies that imports do not affect 
the level of  pollution in East Asia. However, the impact of intermediate goods exports 
is found to have a negative and statistically significant impact on pollution in East Asia. It 
means, ceteris paribus, the exports of intermediate goods of East Asia actually reduce 
pollution, which is good for the environment. This result is somewhat surprising but could be 
explained by the fact that a significant proportion of East Asia’s intermediate goods exports 
consist of computer and other electronic components that do not contribute to generating 
significant pollution. As East Asia’s intermediate goods exports market share increases, 
relatively fewer resources are used in the production of goods that contribute to  
2CO
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pollution, which could perhaps explain the presence of a negative relationship between 
intermediate goods exports and pollution in East Asia. The results of the empirical study 
suggest in general, that increasing trade in intermediate goods in East Asian countries does 
not lead to more pollution. 
The empirical research question 2 ‘What is the impact of pollution on international 
production fragmentation and trade in intermediate goods?’ is answered by adopting an 
extended trade gravity model where pollution has been introduced as one of the determinants 
of trade in intermediate goods. Pooled OLS and panel approaches are adopted based on 
different assumptions regarding multilateral trade resistance (MTR) of sample countries. In 
order to check the robustness of results, the DPD estimation technique has also been used. 
The empirical results suggest that under the assumption of country-individual-related 
MTR estimated by OLS, pollution has an insignificant impact on intermediate goods exports 
from East Asia. However, the impact of pollution on the total exports of East Asia is positive 
and statistically significant. This implies that, in the case of East Asia, the impact of pollution 
on trade in intermediate goods is different from its impact on total exports from East Asia. 
The empirical estimation also suggests that the trading partner’s pollution has a significant 
impact on East Asia’s imports of intermediate goods. As long as the country-pair effects have 
been controlled by making use of the panel data estimation, the empirical results for East 
Asia are understood to show that pollution has a positive and statistically significant impact 
on the intermediate goods exports as well as total exports.  However, the estimated results 
imply that, compared to the intermediate goods exports, pollution has a higher impact on total 
exports. Panel data estimation results also confirm the results of OLS estimation in that the 
trading partner’s pollution has a positive and statistically significant impact on the imports of 
intermediate goods. This result suggests that environmental factor is being used as an input in 
the production process in East Asia. Similar results are found in the DPD robustness test. The 
DPD analysis of East Asia shows that, in a dynamic setting, pollution has a positive and 
statistically significant impact on the intermediate goods exports. Therefore, the answer to 
empirical research questions 2 is that in general, pollution has a positive impact on the trade 
in intermediate goods of East Asia. However, the extent of this implication varies among the 
types of trade and the specifications of estimation. 
The empirical research question 3 ‘Is the relationship between trade in intermediate 
goods and environment affected by the level of economic development?’ is answered by the 
2CO
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comparison study of different country groups. The estimation results of augmented EKC 
specification suggest that trade in intermediate goods has different implications in the 
pollution change for developed countries and developing countries. Specifically, intermediate 
goods imports have a positive and statistically significant impact on pollution in developed 
countries, but its impact on developing countries’ pollution is negative and statistically 
significant. This simply means, more imports in intermediate goods leads to higher emissions 
for developed countries but lower emissions for developing countries. At the same time, the 
impact of intermediate goods exports on pollution in developed countries is found to be 
insignificant, while the implication for developing countries is found to be negative and 
significant. In summary, it is found that the impacts of intermediate goods trade on pollution 
in the developed country group and developing country group are different. 
The estimation results of the extended gravity model based on different country 
groups show that the level of economic development also has a significant effect on 
pollution-trade nexus. As developed countries make better use of other inputs in the 
production process (such as labour and capital), the impact of pollution on the intermediate 
goods exports of the developed countries is insignificant. However, in the case of the 
developing countries, the impact of pollution on intermediate goods exports is positive and 
significant, which indicates that developing countries rely more on the environmental input 
(i.e., pollution).  The panel data estimation also demonstrates that the impact of pollution on 
intermediate goods trade varies significantly across the developed and developing countries. 
The empirical results show that when the country-pair effect is controlled, pollution leads to a 
decrease in intermediate goods exports from developed countries. In contrast, in the case of 
the developing country group, higher pollution leads to an increase in intermediate goods 
exports. This result highlights the differences in environmental policies across developed and 
developing countries, where the priority of developing countries is economic growth whereas 
the priority of developed countries is a reduction in pollution. 
Taking into account the distinctly different results from developed countries and 
developing countries, the answer to empirical research question 3 is yes, i.e., relationship 
between trade in intermediate goods and environment is affected by the level of economic 
development. 
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8.3 Contribution to theory and practice 
This thesis makes a contribution to the existing knowledge regarding the relationship 
between international production fragmentation and environmental change; the implications 
of the growing trade in intermediate goods on changes in pollution; the environmental factors 
in determining the international comparative advantage of trade, and the role of economic 
development in trade-pollution nexus. The contributions of this thesis are two-folded. The 
theory of trade-environment has been extended to consider the growth in international 
production fragmentation and trade in intermediate goods. Additionally, the relationship 
between trade in intermediate goods and changes in pollution in East Asia has been 
investigated in depth. This section will cover the theoretical contributions of this thesis to the 
literature of trade-environment as well as its empirical contributions and policy implications. 
8.3.1 Theoretical contributions 
This thesis extends the literature of the relationship between international trade and 
pollution to include international production fragmentation induced-trade in intermediate 
goods. In doing so, this thesis connects the two strands of the existing literature: trade-
environment nexus and international production fragmentation. By making use of a simple 
general equilibrium model, varieties of intermediate goods are embodied in the model of final 
goods production; the implications of trade liberalization of intermediate goods have also 
been considered.  
Unlike the existing literature on intra-industry trade and environment, this study 
considers a situation where environmental policy is endogenous. In most of the existing 
literature, the implications of environmental regulation on production, and further, on trade 
are modelled using the partial equilibrium models, ignoring the fact that environmental policy 
is closely related to the level of aggregate output and performance of trade. In contrast, in the 
endogenous environmental regulation framework of this thesis, pollution from a production 
perspective may affect total output. More output leads to a demand for high quality 
environment which results in a relatively strict environmental policy. The supply-demand 
analysis concerning pollution determines equilibrium. With the trade liberalisation in 
intermediate goods, the resulting increases in varieties of inputs that form part of the 
production of the final goods, change the equilibrium results.  
 143 
 
Another contribution of this study is that it decomposes the implications of changes in 
environmental regulation on the aggregate pollution generated during the production of 
intermediate goods into the effects caused by: (i) the change in firm level output, (ii) the 
change of the industrial scale of the intermediate goods sector, and (iii) the change in the 
pollution intensity of production. This deconstruction produces a better understanding of how 
international production fragmentation impacts the environment. 
To conclude, this thesis concerns firms’ decisions regarding production as well as 
government’s decisions regarding environmental regulation. In the existing literature, firms 
make decisions on production, pollution and abatement, taking the cost of pollution as given, 
while governments set environmental regulation for the utility of residents. One of the 
contributions of this thesis is that it blends the two groups of players: firms and government.  
8.3.2 Empirical contribution and policy implications 
The first empirical contribution of this thesis is its explicit measurement of the share 
of trade in intermediate goods within the aggregate of East Asian trade. Unlike final goods 
that are almost entirely produced for end-user consumers, the case of the intermediate goods 
presents some ambiguity as intermediate goods are used for further production, that is, their 
purpose is to provide component parts of final products. This ambiguity means the 
measurement of trade in intermediate goods is not a trivial task. In the previous research, the 
volume of trade in intermediate goods has been estimated by selecting specific products. This 
approach may almost certainly lead to over-estimation if parts of the specific products are 
used as final consumption goods or conversely, under-estimation if parts of other products are 
actually used in further production. In order to correct such measurement bias and properly 
estimate the trade in intermediate goods, this thesis makes use of the coordinated BEC and 
SITC classifications in trade flow analysis. This approach provides a more precise 
measurement of trade in intermediate goods. 
The second contribution of this thesis is in clarifying the relationship between total 
trade and its consequent environmental impacts and comparing this with the relationship 
between trade in intermediate goods, as a subset of total trade, and its impacts on the 
environment. Most existing empirical studies about trade-environment nexus focus on total 
trade, assuming the international production fragmentation induced-trade in intermediate 
goods has a similar association with environment as total trade does. According to the 
comparison study conducted in this thesis, trade in intermediate goods has a different 
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relationship with pollution, its generation and thus environmental impact, compared with the 
relationship and impacts of the total trade. 
Additionally, consideration of the level of development in environment-trade nexus 
allows a better understanding of the implications of economic development. Though a large 
proportion of research on the trade-environment issue has taken economic development into 
account by empirically considering GDP and/or other index of economic development, such 
an approach has been criticized for its solidity because it rests on the assumption that 
different types of countries follow the same track of development. This thesis addresses the 
bias caused by this assumption by studying different country groups. The empirical results 
based on country groups indicate that countries at different stages of development do follow 
separate and distinct tracks with regard to the trade-pollution nexus. 
The empirical results also indicate policy implications for government as well as for 
the private sectors. Though trade policy and environmental policy are both critically 
important policy issues for governments across the world, the association of these two has not 
yet received much attention.  The empirical results of this thesis have confirmed that there is 
a link between increasing trade in intermediate goods and changes in pollution levels. As a 
consequence, governments need to rethink their policy setting in order to deal with the 
interaction of trade policy and environmental policy. 
At the same time, environmental factors deserve more consideration by the private 
sector when making long-term decisions on international production fragmentation. Though 
the impact of firm-level decisions on a country’s development is individually marginal, the 
increasing intermediate sector may lead to significant changes in trade and economic 
development. For the firms that intend to take advantage from international production 
fragmentation, including outsourcing and FDI, the long-term environmental change requires 
greater priority among firms’ decision making. 
 
8.4 Limitations of this study and areas for future research 
This section addresses several of the limitations of this thesis and avenues for future 
research. First, the analysis contained within this thesis rests on the assumption that the firms 
are systematic, i.e., the firms are identical within sector. In reality firms are more likely to be 
distinctive. For example, firms have different levels of productivity from their production, 
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and such differences have been found to be among the main influences on their trade 
performance and resource relocation in sector (Melitz, 2003; Melite and Ottaviano, 2008). In 
my another research (Tang, et al, 2014), it has been found that the firm’s heterogeneity can be 
used by the government in environmental policy setting and improve the aggregate resource 
efficiency of a sector. Following this line, future research needs to take account of firms’ 
heterogeneity and its implications in the environment-trade nexus.  
The overall modelling framework has been simplified in terms of its applicability 
because of the assumption that the polluters fully pay for the externality they cause. In reality 
some economies, especially the developing countries, have suffer from large swathes of 
market and government failure, including low levels of effective policy formulation and 
implementation. Another concern about policy implementation comes from the fact that for 
some countries such as China, government’s intervention in specific industries could be in the 
form of ‘direct action’ rather than consistent policy arrangements. In this respect, a 
productive approach in a future study could relax the assumption about effective 
environmental policy and test the robustness of the theoretical model.   
Another limitations of this thesis is that the empirical study is based on country-level 
data, rather than the micro-level evidence of the relationship between trade in intermediate 
goods and pollution. In other words, the firms’ features have not been taken into account. In 
future research, the theoretical model could be extended to consider firms’ heterogeneity in 
determining trade in intermediate goods and change in pollution, with the empirical study 
expanded from country-level analysis to firm or industrial sector-level analysis.  
To empirically explore the role of multinational corporations in optimizing the spatial 
location of their production networks and its implications in trade-environment nexus, one 
would need access to the relevant data on trade, both inter-country and intra-country, with 
data granularity on the level of multinational corporations. Availability of such data in the 
future would open the door for addressing this issue. 
Another extension of the empirical study could be the adoption of a simultaneous 
equations model (SEM) if appropriate variables can be identified to serve as instrument 
variables in the estimations. An SEM approach is characterized by its capacity to consider the 
range of simultaneous relationships in a system and estimate the determinants of different 
dependent variables. Therefore, an SEM approach could improve our understanding of the 
interaction between change in the structure of trade and environmental change. 
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Appendixes 
Appendix A: Trade in intermediate goods of East Asia 
Appendix A presents detailed discussion about the trends and changes in the trade in 
intermediate goods of East Asia as well as its main trading partners. Based on the data 
resource and classification methodology discussed in Chapter 5, descriptive data of country-
level’s trade in intermediate goods are discussed. Trade flow data of major economies in East 
Asia as well as its trading partners are also presented.  
As a leading emerging economy, China has received attention for its performance in 
economic development, especially for its rapidly growing in trade. The aggregate trade value 
of China has risen from US$ 324.05 billion in 1998 to approximately US$ 3641.78 billion in 
201132. In which the total exports have increased from US$ 183.81 billion to US$ 1898.39 
billion, while the total imports grown from US$ 140.45 billion to US$ 1743.39 billion. 
Besides fast growth in China’s trade, another trend is the disparity between imports and 
exports in intermediates goods. In 1998 imports of intermediate goods were around 
US$ 104.45 billion and the corresponding exports were US$ 67.06 billion. During the first 
decade of the twenty-first century, both the exports and imports in intermediate goods have 
developed rapidly – the imports of intermediates have reached at US$ 1291.72 billion in 2011, 
while exports of intermediates were US$ 781.99 billion. The figures reveal that China has 
imported more intermediates than it exported. This trend can also be observed by comparing 
the ratio of the imports and exports of intermediates in terms of total trade. Intermediates 
have accounted for around 70% of imports from 1998 to 2011, while only accounting for 40% 
in exports. The disparity between China’s exports and imports of intermediate goods mirrors 
the widely held opinion that China has a relative advantage in labour, therefore the 
combination/assembling of imported intermediates with local labour is one of the drivers of 
China’s rapid growth in trade.  Figure A.1 (a) and A.1 (b) demonstrates the trend of trade in 
intermediate goods of China with the rest of the world from 1998 to 2011. 
 
 
                                                 
32  The estimation conducted in the main text is based on the data from 1998 to 2010 because CO2 emission data is 
unavailable afterwards. In the appendixes, the data relating to trade in intermediate goods overlap the 1998 to 2011 period - 
this is the most comprehensive data available during the writing of this thesis. Though the 2011 trade data is not used in 
estimation, it is still useful in providing information about the trend of trade in intermediate goods of East Asia.  
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Figure A.1 (a) China’s exports to the world from 1998 to 2011 
 
 
Figure A.1 (b) China’s imports from the world from 1998 to 2011 
During the same period (from 1998 to 2011), compared to other countries in study, 
Japan has experienced a relatively more stable development in total trade as well as in trade 
in intermediate goods. In terms of exports, trade in intermediate goods increased from around 
US$ 191.54 billion in 1998 to US$ 452.38 billion in 2011, while total exports from Japan 
grew from US$ 388.14 billion to US$ 823.18 billion during the same period. Change in 
imports has followed a similar trend - in 1998 the imports of intermediate goods to Japan 
were US$ 156.82 billion which jumped to US$ 556.27 billion in 2011. During the same 
timeframe, the total imports of Japan have increased from US$ 280.63 billion in 1998 to 
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US$ 855.38 billion in 2011. In other words, the share of intermediate imports among total 
imports has increased from 55.88% to 65.03% during the past 14 years, the accompanying 
share of intermediates exports has risen from 49.35% to 55.95% in total exports. On the 
aggregate level, the proportion of trade in intermediates of Japan has grown from 52.09% to 
60.09% in total trade. Figure A.2 (a) and A.2 (b) shows the trend of trade in intermediate 
goods of Japan with the rest of the world from 1998 to 2011. 
 
Figure A.2 (a) Japan’s exports to the world from 1998 to 2011 
 
 
Figure A.2 (b) Japan’s imports from the world from 1998 to 2011 
Other countries in East Asia, during the same period, have also experienced growth in 
the trade of intermediate goods. As shown in Figure A.3 (a) and A.3 (b), trade in intermediate 
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goods of Korea increased from US$ 150.37 billion in 1998 to US$ 687.87 billion in 2011. 
One of the particularities of Korea’s trade is, in 1998 the volume of intermediates imports is 
lower than the volume of intermediates export with the value of US$ 74.61 billion and 
US$ 75.75 billion, respectively. In contrast, in 2011 intermediates imports have overtaken 
intermediates exports with the value of US$ 396.78 billion and US$ 291.09 billion, 
respectively.   
 
Figure A.3 (a) Korea’s exports to the world from 1998 to 2011 
 
 
Figure A.3 (b) Korea’s imports from the world - 1998 to 2011 
Similar changes can also be observed in Southeast Asian countries such as Indonesia, 
Malaysia, Philippines, Singapore, Thailand, and Vietnam. As shown in Figure A.4 (a) and 
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Figure A.4 (b), excepts for the Philippines, almost all the countries in this area have 
experienced drastic increase in trade in intermediate goods, and the trend can be observed 
both in imports and exports. Singapore, being the most developed economy in ASEAN, has 
taken a leading role in the trade in intermediate goods. Comparing Indonesia and Malaysia, 
the data shows that in 1998 Malaysia was stronger in both exports and imports than Indonesia. 
However, this situation changed during the first decade of the twenty-first century, though 
Malaysia still had more imports of intermediates compared to Indonesia in 2011, the gap 
between them in terms of exports of intermediate goods reduced. It can be seen that the trade 
scale in ASEAN varies among countries. For example, Singapore had approximately ten 
times as much as trade in intermediates as Vietnam had in 1998. However, this number has 
decreased to seven times in 2010, which means the gap has reduced. 
  
Figure A.4 (a) Exports of intermediate goods from main ASEAN economies 
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Figure A.4 (b) Imports of intermediate goods to main ASEAN economies 
During the same period, the major trade counterparts across the world have also 
experienced a development in trade as well as in trade in intermediate goods. Trade data of 
sampled countries have been reported in Table A.1. Table A.1 shows that the United States 
had growth in trade from US$ 1624.79 billion in 1998 to US$ 3724.32 billion in 2011, with 
the trade in intermediates up  to US$ 1924.31 billion in 2011 from US$ 823.22 billion in 
1999. EU (27 countries) which was integrated in 2000, has also grown in terms of its trade 
scale. As reported in Table A.1, the share of trade in intermediate goods of the EU has 
increased from 51.80% in 2000 to 54.46% in 2011.  
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Table A.1  Imports and exports in 1998 and 2011 of different countries/economies 
 
Total 
import 
Intermediates import Total 
export 
Intermediates export Total trade Intermediates trade 
trade(billion) 1998 2011 1998 2011 1998 2011 1998 2011 1998 2011 1998 2011 
China 140.237 1,743.390 104.451 1,291.719 183.809 1,898.390 67.061 781.992 324.046 3,641.780 171.511 2,073.711 
Japan 280.634 855.380 156.818 556.271 388.136 823.184 191.544 452.375 668.770 1,678.564 348.362 1,008.646 
Korea 93.281 524.405 74.621 396.781 132.302 555.209 75.752 291.089 225.583 1,079.614 150.373 687.870 
India 42.425 462.403 31.241 385.906 33.207 301.483 16.852 137.766 75.632 763.886 48.094 523.671 
US 944.350 2,262.586 433.848 1,137.471 680.435 1,479.730 389.372 786.835 1,624.785 3,742.316 823.220 1,924.306 
EU(from 
2000) 
913.278 2,347.294 508.324 1,438.324 781.050 1,934.216 369.299 893.405 1,694.327 4,281.510 877.624 2,331.730 
Australia 60.774 234.319 29.019 98.447 55.808 245.631 39.965 204.403 116.583 479.950 68.984 302.850 
Indonesia 27.337 177.436 18.143 104.959 48.848 203.497 28.560 162.915 76.184 380.932 46.703 267.874 
Malaysia 57.759 187.573 41.285 131.450 73.254 226.993 48.194 161.666 131.014 414.566 89.478 293.116 
Philippines 31.530 63.693 25.499 37.967 29.496 48.042 20.667 26.638 61.026 111.735 46.166 64.605 
Singapore 101.732 365.770 63.206 205.430 109.905 409.504 57.328 218.254 211.636 775.274 120.534 423.684 
Thailand 42.370 228.483 30.709 172.787 53.584 228.824 25.532 123.508 95.954 457.307 56.241 296.295 
Vietnam 
(2010) 
11.630 84.839 5.483 56.922 9.360 72.237 2.266 27.524 20.990 157.075 7.749 84.446 
1 Unit: billion US dollars. 
2 Data source: UN Comtrade database. Author organized and calculated basing on BEC classification system. 
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Another two major trading partners of East Asia in the study are India and Australia. 
India, another emerging country like China, has also experienced a drastic growth in 
intermediates trade with the value rising from US$ 48.09 billion to US$ 523.67 billion during 
this period. The critical role Australia plays in East Asia is varied; Australia is one of the 
most important export destinations, it is also a provider of resources including energy that 
meet the growing demand from other economies. Australia’s data, as shown in Table A.1, 
demonstrates that there is an increase in total trade as well as trade in intermediate goods.   
 As has been discussed, most countries in East Asia and the rest of the world have 
experienced a growth in trade, in which the proportion of trade in intermediate goods has 
increased. Table A.1 shows the total trade and trade in intermediate goods of major countries 
in research. It appears that compared to developed countries, the developing countries (such 
as Indonesia, Malaysia, Philippines, etc.) have a higher share of intermediates trade within 
their total trade. At the same time, vertically-related trade has grown faster in developing 
countries. The intuitive explanation is that the abundant supply in labour allows less 
developed countries to make full use of their comparative advantage to engage in 
international fragmentation production. The labour supply explanation is recognized as one of 
the most important determinants in vertically-related trade.  
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Appendix B: Relationship between trading partners 
The trade gravity model suggests that, like the gravity between objects in the nature, 
less distance between two countries leads to greater trade volumes. In this appendix, the 
country-to-country relationship on trade in intermediate goods is discussed. The analysis 
focuses on the structure of trade in terms of trading partners of the economies. To get a better 
understanding, analysis of imports and exports are implemented, respectively. The trade data 
from 1998 to 2011 provides insights into the changes in trade patterns during the first decade 
of the twenty-first century.  
To investigate the importance of partners in terms of the value of trade, trade to the 
whole world is treated as a ‘pie’, in which each country being researched takes a share based 
on its fraction of trade with the host country; and other countries of the world are summed as 
‘others’. For example, Figure B.1 (a) reports the imports of intermediate goods to China in 
1998. It is obvious that the most important importer of intermediate goods was Japan. The 
value of imports in intermediate goods from Japan was US$ 20.96 billion, representing 20.06% 
of China’s intermediate goods imprted in 1998. In the same year, Taiwan took the second 
largest share in the import market of intermediate goods of China, with the value of 
US$ 13.82 billion the share of 13.23%. Following Japan and Taiwan, Korea took the position 
of the third largest importer of China. As to exports in the same year, Figure B.1 (b) shows 
Hong Kong was the most important destination of China’s intermediates exports, and the 
second and third trade partners were Japan and the USA, respectively. Taiwan, though took a 
large share in intermediates imports to China (13.23 %), only took 3.67% in the total 
intermediates exports. 
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Table B. 1(a) Partners structure of China’s intermediate goods imported in 1998 
   
Table B.1 (b) Partners structure of China’s intermediate goods export in 1998 
The partners’ structure of China’s trade has undergone drastic change during the first 
decade of the twenty-first century. Figure B.2 (a) and Figure B.2 (b) show several features:  
First of all, China has become more diverse in terms of trading partners. In 1998 the ‘others’ 
took only 26.58% and 27.53% in intermediate imports and intermediates exports of China, 
respectively; while the figure has increased to 47.40% and 40.16% in 2011. Secondly, Japan, 
Taiwan and the USA are still the top three in intermediates imports to China, but the share 
has decreased. Third, similar to the trend in imports, the exports share to major trading 
partners is down, while the share to relatively minor partners has risen. 
Comparing the ASEAN countries, it can be found that from 1998 to 2011, Malaysia 
has overtaken Singapore as the largest importer of intermediates to China. During the same 
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period, Singapore has maintained its position as the largest export destination in ASEAN, 
though its share in ASEAN as an export partner of China has decreased. 
 
Table B.2 (a) Partners structure of China’s intermediates imports in 2011 
 
 
Table B.2 (b) Partners structure of China’s intermediates exports in 2011 
The above discussion demonstrates the trend of trade in intermediate goods of China 
from 1998 to 2011. The value of trade has grown for almost all the trading partners. At the 
same time, the conventional trading partners from developed countries have gradually lost 
their share, as new emerging countries have been playing a more important role in world 
trade. 
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Japan, one of the most developed economies in East Asia, has shown a different trend 
in the structure of trading partners, compared to China. In 1998 as shown in Table B.1, the 
most important intermediates trading partner of Japan was the USA both in imports and 
exports. However, in 2011 China has replaced the USA as the largest importer of Japan’s 
intermediate goods as well as the largest intermediate exporter to Japan. Specifically, in 1998 
the USA took 23.63% share of Japan’s intermediates imports and 26.99% of Japan’s 
intermediates exports; in 2011 the number was down to 8.39% and 12.78% respectively. 
While China’s share in Japan’s intermediates imports has increased from 7.52% to 12.36% of 
imports, and 7.74% to 23.26% of exports during the same time frame. 
 Korea’s trade in intermediate goods demonstrates a similar trend.  In 1998 the USA 
had the largest share of Korea’s trade in intermediate goods, and the second largest trading 
partner was Japan in imports and China in exports. In 2011, however, China’s share has risen 
drastically and overtaken the USA’s and Japan’s shares. 
Another interesting point, both for Japan and Korea, is that Australia has played an 
important role as their trading partner in the imports of intermediate goods. It may be 
explained by Australia’s advantage in natural resources such as iron ore and other minerals. 
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Table B.1 Share of partners OF trade in intermediate goods of Japan and Korea 
country Japan country Korea 
year 1998 2011 year 1998 2011 
partner Import % Export % Import % Export % partner Import % Export % Import % Export % 
world 100.00 100.00 100.00 100.00 world 100.00 100.00 100.00 100.00 
others 40.07 25.46 48.17 20.22 others 36.63 32.51 45.05 24.25 
USA 23.63 26.99 8.39 12.77 USA 21.39 15.11 7.53 8.56 
China 7.52 7.47 12.36 23.26 Japan 17.44 7.96 12.83 7.47 
Korea 3.88 6.06 3.92 10.49 China 6.09 12.15 13.87 29.71 
HK 0.49 7.05 0.08 5.19 HK 0.44 9.14 0.45 7.53 
TW 3.14 8.30 2.82 7.99 TW 1.90 4.33 2.95 4.64 
Australia 6.88 1.31 9.51 0.96 Australia 5.95 2.02 6.31 1.03 
India 0.80 0.77 0.60 1.62 India 0.68 1.28 0.76 3.12 
Indonesia 5.16 1.63 5.20 2.59 Indonesia 3.66 1.83 3.98 1.92 
Malaysia 3.25 3.60 3.86 2.78 Malaysia 2.65 4.05 2.18 1.51 
Philippines 1.50 2.78 1.02 1.64 Philippines 0.91 3.11 0.70 1.69 
Singapore 1.26 4.55 0.71 2.76 Singapore 1.37 3.67 1.64 2.87 
Vietnam 0.39 0.38 1.14 1.47 Vietnam 0.14 1.34 0.75 3.34 
Thailand 2.00 3.64 2.24 6.24 Thailand 0.74 1.51 0.98 2.35 
Data source: Author collected and calculated based on UN Comtrade dataset. 
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Following the signing of regional free trade agreements, ASEAN nations expected to 
experience an increase in intra-regional trade. Unfortunately, the data does not support the 
FTA’s effects on trade in intermediate goods. As shown in Table B.2, the absolute trade value 
of most ASEAN countries to their intra-regional trading partners has grown, their share of 
intra-regional trading partner trade has however, not changed as much as expected. From the 
import side, intra-regional trade in intermediate goods has become more important for 
Indonesia, Malaysia and the Philippines, while extra-regional counterparts have been playing 
a more important role for Singapore, Vietnam and Thailand. From the export point of view, 
data shows that only Indonesia and Vietnam have grown their intra-regional trade share. This 
phenomenon may be explained by the growing international production fragmentation which 
extends to the economies of ASEAN and also the development of some emerging economies 
in global trade, such as China and India. 
In the remaining parts of this section, some trends in western countries in terms of 
trading partners are briefly discussed. In 1998, Japan was the top importer and exporter of the 
USA’s intermediate goods, with the fraction of 12.13% and 8.15%, respectively; however, 
Japan’s share has been overtaken by China during the research period, with the fraction of 
9.81% and 8.98%, respectively. The official statistics of the EU relate to the 27 member 
countries as a united entity from 2000, when it was formally established. From its 
establishment, the USA was EU’s greatest trading partner both in intermediates imports and 
exports, followed by Japan and China. But during the first decade of the twenty-first century, 
like some other economies, China’s share in EU’s trade has grown drastically. In 2011, 
though the USA has maintained its position as the EU’s largest export destination of 
intermediate goods, China has become the most important partner of the EU’s import in 
intermediate goods. 
As discussed previously, the structure of trading partners has changed for most of the 
economies in East Asia and also for the major economies in the world. One trend is that the 
vertically-related trade has diversified around the world, that is, the emerging economies have 
engaged more than ever before in global trade. Another trend worthy of note is that China’s 
performance in trade coincides with its development in international fragmentation. 
 
 
 161 
 
Table B.2 ASEAN intra- and inter-regional trade in intermediate goods 
1998 
 
import in intermediates export in intermediates 
 
total 
(billion 
USD) 
intra-ASEAN 
(billion 
USD) 
others 
(billion  
USD) 
intra 
(%) 
extra 
(%) 
total 
(billion  
USD) 
intra-ASEAN 
(billion  
USD) 
others 
(billion  
USD) 
intra 
(%) 
extra 
(%) 
Indonesi
a 
18.1 2.18 16 12.007 87.993 28.6 4.85 23.7 16.987 83.013 
Malaysia 41.3 7.94 33.3 19.226 80.774 48.2 10.8 37.4 22.472 77.528 
Philippin
es 
25.5 3.3 22.2 12.923 87.077 20.7 2.9 17.8 14.018 85.982 
Singapor
e 
63.2 15 48.2 23.705 76.295 57.3 17.1 40.2 29.881 70.119 
Vietnam 5.48 0.576 4.91 10.508 89.492 2.27 0.219 2.05 9.66 90.34 
Thailand 30.7 4.99 25.7 16.252 83.748 25.5 5.66 19.9 22.17 77.83 
 
2011 
 
import in intermediates export in intermediates 
 
total 
(billion  
USD) 
intra-ASEAN 
(billion  
USD) 
others 
(billion  
USD) 
intra 
(%) 
extra 
(%) 
total 
(billion  
USD) 
intra-ASEAN 
(billion  
USD) 
others 
(billion  
USD) 
intra 
(%) 
extra 
(%) 
Indonesi
a 105 21 84 20.006 79.994 163 31.6 131 19.397 80.603 
Malaysia 131 28.5 103 21.699 78.301 162 29.9 132 18.49 81.51 
Philippin
es 38 6.47 31.5 17.036 82.964 26.6 3.71 22.9 13.925 86.075 
Singapor
e 205 43.8 162 21.305 78.695 218 59.8 158 27.384 72.616 
Vietnam 71.5 10.9 60.6 15.271 84.729 37.7 5.74 31.9 15.244 84.756 
Thailand 173 20.8 152 12.049 87.951 124 25.3 98.2 20.521 79.479 
Data source: Author collected and calculated based on UN Comtrade dataset. 
 162 
 
Appendix C: Pollution in East Asia 
From the beginning of nineteen-sixties, after decades of world wars and civil wars in 
the first half of twenty century, Northeast Asian countries experienced a peaceful era and 
focused on economic development. Unfortunately, accompanying their impressive economic 
achievements, pollution has become a serious problem and received growing attention.  
Figure C.1 depicts the trend of CO2 emissions of major economies in Northeast Asia. In 
nineteen-sixties, CO2 emissions of China, Japan and Korea were 780726kt, 232781kt and 
12552kt, respectively; and in 2009, the figures have increased to 7687114kt, 1101134kt, and 
509376kt, respectively. In other worlds, during approximately half century, the exponential 
average growth rates in CO2 emissions are 4.78% for China, 3.22% for Japan, and 7.85% for 
Korea. It is clear that, though Korea emits the least CO2 in terms of absolute volume of the 
three countries, its growth rate is the highest. 
Observing the trends carefully, some features can be found: (i) China experienced a 
decrease in total CO2 emissions in the first couple of years of nineteen-sixties which was 
coincident with the years of Great Chinese Famine. After that, the total CO2 emissions of 
China grew in a stable manner, and the drastic rise in pollution began from the late nineteen-
seventies when China started implementing its ‘economic reforms including an opening itself 
to the outside world’ policy; (ii) the growth rate of Japan’s CO2 emission has slowed down 
from the nineteen-seventies, while Korea has demonstrated a steadier growth in CO2 
emission during the same fifty year period. 
 
Figure C.1 CO2 emission of Northeast Asian countries 
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The total CO2 emissions discussed above presents the pollution situation of Northeast 
Asian on a country-level, however an important factor has been neglected - the scale of 
economy. If the focus changed to ‘per capita’ pollution, a different picture is attained. Figure 
C.2 shows the CO2 emissions per capita of the same countries during the same time period. 
China, being accused as one of the greatest polluters, has actually only moderate CO2 
emissions in terms of per capita or average level. In contrast, Korea has overtaken Japan to 
emit the highest CO2 per capita, though its total CO2 emission is still the lowest. 
Accompanying rapid economic development after World War II (WWII), Japan experienced 
drastic growth in CO2 emission until nineteen-seventies. 
 
Figure C.2 CO2 emission per capita of Northeast Asian countries 
     
ASEAN countries, including newly industrialized countries such as Singapore as well 
as developing countries such as Thailand, etc., have demonstrated an increasing trend in their 
CO2 emissions. Figure C.3 shows the largest CO2 emitter among the ASEAN countries is 
Indonesia, followed by Thailand and Malaysia. An interesting trend shown in Figure C.3 is 
that the CO2 emission of Vietnam has increased drastically after the year 2000 and has 
overtaken the Philippines and Singapore. Nevertheless, the data of CO2 emission per capita as 
shown in Figure C.4 presents another picture – though Singapore has had a relatively low 
total emission, its emission per capita was the highest in ASEAN economies until quite 
recently. Nevertheless, all the economies have experienced growth in CO2 emission per 
capita, except for Singapore. 
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Figure C.3 CO2 emission of ASEAN countries 
 
Figure C.4 CO2 emission per capita of ASEAN countries 
As to other major economies in the world, it can be seen from Table C.1, that the 
USA was the largest carbon emitter both in total- and average-level among all researched 
countries. Though in terms of total volume, China has replaced the USA as the largest emitter, 
the USA still has higher per capita value of CO2 emission. The EU, which includes countries 
at different development levels, has a moderate emission per capita. As a developed country, 
Australia, similar to, the USA, has fairly high CO2 emissions per capita. In contrast, the per 
capita carbon emission of India is the lowest in all the countries of the research. 
Table C. 1  CO2 emission and CO2 per capita of other countries 
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CO2 emission 
(kt) 2890696 5299563 2331531 3617580 120582 1979425 88202.35 400194.4 
CO2 emission 
(metric ton per 
capita) 
15.99978 17.27528 5.754223 7.222395 0.26925 1.638949 8.582937 18.23068 
 Data source: Author collected and calculated based on World Bank dataset. 
The above discussion regarding the changes to pollution levels in major economies 
suggests: (i) with the economic development, almost all economies have experienced growth 
in pollution; (ii) the developed countries have shown their concern about the pollution 
problem, however, they remain the larger emitters - especially on a per-capita basis; (iii) the 
developing economies, though having a comparatively low per capita emission, their total 
pollution has drastically increased as a result of their priority for economic-development and 
their large populations.  
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Appendix D: DPD estimation results of different country groups 
Table D.1 Dynamic panel estimation of Developed countries’ exports 
 
(1) (2) (3) (4) (5) (6) (7) (8) 
Dependent variable Intermediate goods exports Total export 
Estimation 
specification 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
One period lag of 
intermediate export 0.658*** 0.636 0.985*** 0.979*** 
    
 
(0.0480) (9.745) (0.0135) (0.0303) 
    Lag of total export 
    
0.582*** 0.581 0.947*** 0.950*** 
     
(0.0430) (7.492) (0.0147) (0.0293) 
GDP 0.303*** 0.318 -0.0135 -0.0128 0.219*** 0.215 0.0159 0.00653 
 
(0.0633) (8.153) (0.0189) (0.0384) (0.0536) (8.729) (0.0183) (0.0372) 
Partner’s GDP 0.195*** 0.204 0.00840 0.0107 0.359*** 0.338 0.0205*** 0.0174 
 
(0.0717) (2.013) (0.00599) (0.0125) (0.0633) (5.889) (0.00642) (0.0122) 
CO2 0.0507 0.0315 0.0108 0.0107 -0.0114 -0.0142 -0.00638 -0.00146 
 
(0.0487) (4.522) (0.0179) (0.0326) (0.0419) (3.948) (0.0164) (0.0321) 
Telephone -0.0470 -0.0547 -0.0576 -0.0625 -0.314*** -0.283 -0.108* -0.111 
 
(0.113) (16.23) (0.0731) (0.0688) (0.0924) (15.68) (0.0617) (0.0755) 
Partner’s telephone 0.0707** 0.0760 -0.0178*** -0.0159 0.113*** 0.111 0.00121 0.000149 
 
(0.0356) (2.696) (0.00633) (0.0112) (0.0307) (2.688) (0.00667) (0.0145) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes 
Constant -6.724*** -6.650 0.884** 0.958 -5.135*** -4.477 0.973** 1.201* 
 
(2.308) (527.9) (0.448) (0.594) (1.975) (398.3) (0.384) (0.640) 
Observations 746 746 824 824 746 746 824 824 
Number of pairid 72 72 72 72 72 72 72 72 
Sargan test  chi2(65) =   chi2(76)=  chi2(65) =   chi2(76)=  chi2(65) =  chi2(76) = 190.39   
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113.0634 190.39   159.8948 246.93   113.0634 
p-value 
Prob > chi2  =  
0.0002  
Prob > chi2 
=0.000 
Prob > chi2  =    
0.0000  
Prob > chi2 
= 0.000 
Prob > chi2  =  
0.0002 
Prob > chi2 = 
0.000 
Hansen test 
   
chi2(76)=  65.92    
  
chi2(76)=  63.52  
P-value 
   
Prob > chi2 = 
0.789  
  
 Prob > chi2 = 
0.846 
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
 
Table D.2 Dynamic panel estimation of developed countries’ imports 
 
(1) (2) (3) (4) (5) (6) (7) (8) 
Dependent variable Intermediate goods  import Total import 
Estimation 
specification 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
One period lag of 
intermediate import 0.672*** 0.619 0.933*** 0.926*** 
    
 
(0.0591) (10.62) (0.0141) (0.0267) 
    One period lag of total 
import 
    
0.709*** 0.704 0.951*** 0.954*** 
     
(0.0413) (6.340) (0.0128) (0.0258) 
GDP -0.0470 -0.0376 0.0166*** 0.0193* 0.151*** 0.152 0.00844 0.00785 
 
(0.0687) (10.57) (0.00588) (0.00991) (0.0485) (7.165) (0.00598) (0.0115) 
Partner’s  GDP 0.162** 0.164 -0.0485*** -0.0378 0.176*** 0.177 -0.0848*** -0.0799*** 
 
(0.0702) (4.033) (0.0157) (0.0307) (0.0558) (5.426) (0.0124) (0.0256) 
Partner’s  CO2 0.189*** 0.184 0.0697*** 0.0620** 0.0977** 0.106 0.103*** 0.0971*** 
 
(0.0585) (6.581) (0.0141) (0.0301) (0.0461) (4.899) (0.0117) (0.0218) 
telephone -0.228* -0.259 -0.111** -0.142 -0.159* -0.150 -0.00351 -0.00205 
 
(0.122) (16.36) (0.0554) (0.0895) (0.0952) (5.709) (0.0426) (0.0703) 
Partner’s telephone 0.0222 0.0550 0.0410*** 0.0371** -0.00881 -0.00764 0.0446*** 0.0366** 
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(0.0390) (3.554) (0.00900) (0.0187) (0.0295) (3.349) (0.00786) (0.0164) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 2.728 3.676 1.984*** 2.022*** -2.790 -2.881 1.850*** 1.752*** 
 
(2.246) (299.3) (0.276) (0.400) (1.749) (190.7) (0.217) (0.375) 
Observations 746 746 824 824 746 746 824 824 
Number of pairid 72 72 72 72 72 72 72 72 
Sargan test 
chi2(65) =  
162.2833  
chi2(76)= 
200.49   chi2(76)= 200.49   
chi2(65)     =   
150.533  
 chi2(76) = 
199.03   chi2(76)  = 199.03   
P-value 
Prob > chi2 = 
0.0000  
Prob > chi2 = 
0.000 
Prob > chi2 = 
0.000 
        Prob > chi2  
=    0.0000  
Prob > chi2 = 
0.000 
Prob > chi2 = 
0.000 
Hansen test    chi2(76) =  64.77    
 chi2(76) = 
199.03   chi2(76) =  65.30   
P-value    
 Prob > chi2 = 
0.817   
Prob > chi2 = 
0.000 
Prob > chi2 =  
0.804 
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
 
 
Table D.3 Dynamic panel estimation of developed countries’ aggregate trade 
 
(1) (2) (3) (4) (5) (6) (7) (8) 
Dependent variable Intermediate goods  trade Total trade 
Estimation 
specification 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Lag.intermediate trade 0.706*** 0.677 0.988*** 0.986*** 
    
 
(0.0447) (19.37) (0.0117) (0.0193) 
    Lag.total trade 
    
0.635*** 0.607 0.952*** 0.950*** 
     
(0.0373) (14.61) (0.0131) (0.0268) 
GDP 0.157*** 0.164 -0.0544*** -0.0560** 0.271*** 0.274 0.00439 0.00535 
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(0.0496) (16.74) (0.0147) (0.0243) (0.0407) (8.538) (0.0151) (0.0331) 
Partner GDP 0.147*** 0.140 -0.0887*** -0.0911*** 0.254*** 0.274 -0.0809*** -0.0773*** 
 
(0.0529) (13.39) (0.0105) (0.0173) (0.0450) (8.312) (0.00933) (0.0217) 
CO2 0.136*** 0.131 0.0557*** 0.0570** 0.00381 0.00896 0.00368 0.00346 
 
(0.0371) (3.596) (0.0134) (0.0227) (0.0294) (2.661) (0.0125) (0.0276) 
Partner CO2 0.194*** 0.202 0.0939*** 0.0976*** 0.121*** 0.113 0.0992*** 0.0971*** 
 (0.0441) (6.834) (0.00918) (0.0152) (0.0360) (7.584) (0.00811) (0.0183) 
Telephone -0.183** -0.150 -0.205*** -0.197*** -0.187*** -0.241 -0.0535 -0.0599 
 
(0.0883) (24.28) (0.0529) (0.0715) (0.0707) (9.524) (0.0445) (0.0803) 
Partner telephone -0.0406 -0.0230 0.0272*** 0.0296*** 0.00718 0.0118 0.0429*** 0.0407*** 
 
(0.0265) (10.51) (0.00640) (0.0102) (0.0219) (4.729) (0.00648) (0.0131) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes 
Constant -4.907*** -4.456 3.274*** 3.337*** -6.653*** -6.378 2.228*** 2.199*** 
 
(1.767) (312.7) (0.353) (0.503) (1.463) (236.4) (0.309) (0.606) 
Observations 746 746 824 824 746 746 824 824 
Number of pairid 72 72 72 72 72 72 72 72 
Sargan test 
chi2(65) = 
177.9936 
 
 
chi2(75) = 
178.12   chi2(75) = 178.12  
chi2(65) =  
198.9991  
chi2(75) = 
259.30   chi2(75) = 259.30   
P-value 
 Prob > chi2 = 
0.0000  
Prob > chi2 = 
0.000 
Prob > chi2 = 
0.000 
Prob > chi2  =  
0.0000  
Prob > chi2 = 
0.000 
Prob > chi2 = 
0.000 
Hansen test    chi2(75)= 69.42      chi2(75) =  64.97   
P-value    
Prob > chi2 = 
0.660    
Prob > chi2 = 
0.789 
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table D.4 Dynamic panel estimation of Developing countries’ exports 
 
(1) (2) (3) (4) (5) (6) (7) (8) 
Dependent variable Intermediate goods exports Total export 
Estimation 
specification 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Lag.intermediate 
export 0.651*** 0.650 0.873*** 0.867*** 
    
 
(0.0564) (2.317) (0.0230) (0.0240) 
    Lag.total export 
    
0.688*** 0.682 0.864*** 0.871*** 
     
(0.0491) (7.037) (0.0188) (0.0254) 
GDP 0.236 0.190 0.0309 0.0387 0.0879 0.110 0.0117 0.0123 
 
(0.159) (1.926) (0.0429) (0.0614) (0.126) (10.94) (0.0296) (0.0522) 
Partner GDP 0.0912 0.0601 0.0293*** 0.0285*** 0.195** 0.179 0.0375*** 0.0345*** 
 
(0.0972) (1.010) (0.00736) (0.0106) (0.0787) (2.776) (0.00685) (0.0112) 
CO2 -0.0610 -0.0267 0.0228 0.0158 0.0336 0.0477 0.0471** 0.0422 
 
(0.161) (1.743) (0.0314) (0.0478) (0.122) (10.07) (0.0216) (0.0415) 
telephone 0.119** 0.123** 0.109*** 0.115*** 0.0617 0.0589 0.108*** 0.104*** 
 
(0.0514) (0.0529) (0.0227) (0.0239) (0.0395) (1.829) (0.0183) (0.0219) 
Partner telephone 0.00749 0.00861 0.0281** 0.0276 0.0773 0.0745 0.0457*** 0.0356* 
 
(0.0658) (0.409) (0.0125) (0.0182) (0.0512) (0.570) (0.0110) (0.0207) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes 
Constant -0.634 0.960 0.700 0.696 -1.498 -1.637 0.978** 0.987 
 
(4.548) (52.13) (0.592) (0.973) (3.642) (182.8) (0.451) (0.842) 
Observations 872 872 974 974 872 872 974 974 
Number of pairid 84 84 84 84 84 84 84 84 
Sargan test 
chi2(65)= 
71.94484 
chi2(76) = 
71.62   chi2(76) = 71.62   
 chi2(65) = 
138.9945 chi2(76) = 135.89   
chi2(76)  = 
135.89   
chi2(65)= 
71.94484 chi2(76) = 71.62   
P-value 
 Prob > chi2  = 
0 .2589 
Prob > chi2 = 
0.621 
Prob > chi2 = 
0.621 
  Prob > chi2  =  
0.0000 
Prob > chi2 = 
0.000 
Prob > chi2 
= 0.000 
 Prob > chi2  = 
0 .2589 
Prob > chi2 = 
0.621 
 171 
 
Hansen test 
   
chi2(76)  = 70.07   
  
chi2(76) = 69.21   
P-value 
   
 Prob > chi2 = 
0.670  
  
Prob > chi2 =  
0.696 
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
 
Table D.5 Dynamic panel estimation of developing countries’ imports 
 
(1) (2) (3) (4) (5) (6) (7) (8) 
Dependent variable Intermediate goods  imports Total import 
Estimation 
specification 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Lag.intermediate 
import 0.649*** 0.632 0.921*** 0.934*** 
    
 
(0.0648) (2.249) (0.0209) (0.0179) 
    Lag.total import 
    
0.740*** 0.751*** 0.930*** 0.938*** 
     
(0.0654) (0.0861) (0.0185) (0.0157) 
GDP 0.110 0.207 0.0481*** 0.0424*** 0.115 0.131 0.0451*** 0.0400*** 
 
(0.140) (2.722) (0.0103) (0.0105) (0.132) (0.125) (0.00866) (0.00886) 
Partner GDP 0.106 0.123 -0.0302 -0.0352 0.101 0.0931 -0.0278 -0.0540* 
 
(0.0990) (0.682) (0.0329) (0.0340) (0.0920) (0.0911) (0.0282) (0.0322) 
Partner CO2 0.0855 0.0880 0.0470 0.0468 0.0931 0.0596 0.0403 0.0635** 
 
(0.0855) (0.202) (0.0328) (0.0323) (0.0786) (0.0654) (0.0279) (0.0300) 
telephone 0.129*** 0.136 0.0702*** 0.0564*** 0.0304 0.0322 0.0563*** 0.0491*** 
 
(0.0462) (0.266) (0.0184) (0.0173) (0.0440) (0.0539) (0.0157) (0.0162) 
Partner telephone -0.00808 0.0309 0.0386* 0.0347* 0.0201 0.0303 0.0363** 0.0387** 
 
(0.0614) (0.746) (0.0206) (0.0203) (0.0556) (0.0671) (0.0178) (0.0170) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 0.570 -2.271 0.665 0.730 -1.397 -1.414 0.637 1.039** 
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(4.351) (41.03) (0.460) (0.547) (3.961) (3.799) (0.397) (0.444) 
Observations 872 872 974 974 872 872 974 974 
Number of pairid 84 84 84 84 84 84 84 84 
Sargan test 
chi2(65)     =  
117.7268  
chi2(76)   = 
128.49   
chi2(76)   = 
128.49   
chi2(65)     =  
107.2196  
chi2(76)   = 
124.23   
chi2(76)   = 
124.23   
P-value 
 Prob > chi2  =  
0.0001  
Prob > chi2 =  
0.000 
Prob > chi2 =  
0.000 
 Prob > chi2  =    
0.0008  
Prob > chi2 =  
0.000 
Prob > chi2 =  
0.000 
Hansen test    chi2(76)   =  68.50      chi2(76)   =  66.42   
P-value    
Prob > chi2 =  
0.717    
Prob > chi2 =  
0.776 
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
 
Table D.6 Dynamic panel estimation of developing countries’ aggregate trade 
 
(1) (2) (3) (4) (5) (6) (7) (8) 
Dependent variable Intermediate trade Total trade 
Estimation 
specification 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
Difference GMM 
Difference 
GMM 
two-step 
System GMM 
System GMM 
two-step 
One period lag of 
intermediate trade 0.676*** 0.657*** 0.922*** 0.924*** 
    
 
(0.0574) (0.0748) (0.0200) (0.0898) 
    Lag.total trade 
    
0.778*** 0.770 0.938*** 0.945*** 
     
(0.0530) (3.783) (0.0157) (0.0221) 
GDP 0.0978 0.0458 -0.0521 -0.0498 0.0293 0.0402 -0.0665*** -0.0677* 
 
(0.122) (0.134) (0.0320) (0.134) (0.0990) (6.191) (0.0222) (0.0354) 
Partner GDP 0.0269 0.0284 -0.0593*** -0.0553 0.102 0.0977 -0.0769*** -0.0737*** 
 
(0.0783) (0.0559) (0.0217) (0.0452) (0.0660) (1.226) (0.0188) (0.0202) 
CO2 -0.0256 0.0321 0.0825*** 0.0791 -0.172* -0.154 0.0897*** 0.0878*** 
 
(0.125) (0.120) (0.0229) (0.180) (0.0989) (7.398) (0.0162) (0.0265) 
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Partner CO2 0.146** 0.158*** 0.0762*** 0.0716 0.0630 0.0413 0.0897*** 0.0847*** 
 (0.0681) (0.0573) (0.0206) (0.0638) (0.0575) (0.120) (0.0174) (0.0188) 
Telephone 0.0747** 0.0816** 0.0574*** 0.0528 0.0255 0.0226 0.0417*** 0.0380* 
 
(0.0378) (0.0367) (0.0178) (0.0976) (0.0294) (1.488) (0.0136) (0.0195) 
Partner telephone -0.00275 0.00312 0.0467*** 0.0453 0.0449 0.0442 0.0529*** 0.0479*** 
 
(0.0513) (0.0513) (0.0139) (0.0556) (0.0392) (0.602) (0.0110) (0.0156) 
Year dummy Yes Yes Yes Yes Yes Yes Yes Yes 
Constant 2.146 2.954 2.523*** 2.431 2.673 2.769 2.788*** 2.699*** 
 
(3.498) (3.580) (0.505) (2.584) (2.943) (134.9) (0.388) (0.580) 
Observations 872 872 974 974 872 872 974 974 
Number of paired 84 84 84 84 84 84 84 84 
Sargan test 
chi2(65)=  
81.49165 
 
 
chi2(75) =  
92.59   chi2(75) =  92.59  
 chi2(65)  =  
134.2601  chi2(75)= 173.38   
chi2(75)   = 
173.38   
P-value 
Prob > chi2  = 
0.0812  
Prob > chi2 = 
0.082 
 Prob > chi2 = 
0.082 
Prob > chi2  =    
0.0000  
Prob > chi2 =  
0.000 
Prob > chi2 =  
0.000 
Hansen test    chi2(75) = 74.79     chi2(75) =  77.88  
P-value    
 Prob > chi2 = 
0.485    
 Prob > chi2 = 
0.387 
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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